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SECTION 1
INTRODUCTION

This document is one of a series of Defense Nuclear Agency (DNA) publica-
tions on Transient Radiation Effects on Electronics (TREE). Its purpose is io
bring together, in one volume, quantitative data which characterize simulation
facilities suitable for TREE experimental studies.

This is the second revision of TREE Simulation Facilitiee. This revision
consists of updating of facility descriptions, adding new facilities, expanding
the descriptions where more data are available, and deleting the descriptions of
facilities which have become inactive.

Data were obtained by corresponding with personnel at the individual facili-
ties. Requests were made for information that would quantitatively characterize
the simulation envircnment generated. The degrees of effort and concern of the
personnel at the facilities to generate and document quantitative characterizing
data varied. In the acceptance and interpretation of data, it should be kept in
mind that uncertainties exist in measurement techniques even though they are not
pointed out or erplicitly acknowiedged. Every effort has been made to faithfully
and accurately present the characterizing data as submitted.

Facilities characterized in this volume utilize pulsed reactors, flash x-ray
(FXR) machines; and electron linear accelerators (LINACs). Overall characteris-
tics of each of the 3 types of simulation machines, along with outlines cf the
data requested from the facilities, are given in the introductions te thes indi-
vidual sections that follow.

There are four basic considerations to act uporn when planning an experiment
at a TREE Simulation Facility: (1) determine what needs to be measured and how
to measure it, (2) plan the experiment in detail, (3) select the simulation
facility or facilities and review the experimen: with the facility staff, and
(4) try to find any flaws in the experiment.

The TREE Handbook and TREE Preferred Procedures, published by DNA, are
recoamended references. The TREE Handbook is intended to provide informstion
useful in designing and evaluating eclectronic equipment that is expected to he
exposed tn the radiation environment produced by a nuclear-weapon burst. This
Handbook 1is directed toward individuals responsible fecr hardening electromic
equipment to withstand the transient-radiation environment. It is not intended
to satisfy all the needs of the experimentalist, vulnerability analyst, manager,
or planner.

The information in the TREE Handbook can be categorized as follows:
1. Supporting information

2. Environmental information




3. Information on the effects of radiation on electronic ma-
terials and devices

4, Circuit considerations

5. System considerations.

Supporting information includes sections that explain the terms used in the
Handbook, compare the simulated and nuclear-weapon-burst environments, explain
the interaction of y-rays, x-rays, and neutrons with matter, and list refer-
ences containing additional information on transient radiation effects.

The TREE Preferred Procedures provides persons conducting TREE experiments
with recommended procedures that experience has shown are efficient for deter-
mining transient radiation effects on electronic parts. The recommendations in
this document are a consensus of current good practice arrived at after careful
review by a limited group of individuals outstanding in the field of transient
radiation effects. The object has been to formulate and recommend procedures by
which radiation-test data on electronic components and radiation environments
may be obtained and reported. This document contains sections on testing diodes,
transistors, capacitors, microcircuits, and medium-scale integration/large-scale
integration (MSI/LSI). In addition, valuable discussions on experimental design,
radiation facilities, and dosimetry and environmental correlation are included.

The TREE Handbook and TREE Pizferred Procedures were prepared as an integral
part of a series of documents spcnasored by DNA to assist and guide the TREE
community., Other documents in this series include the DNA EMP Handbook, Nuclear
Environment Descriptions, and a Management Guide to TREE. initial distribution
of these documents is to a DNA distribution list. Supplemental distribution is
via the Defense Documentation Center, Cameron Station, Alexandria, VA 22314.
Most Dsa:partment of Defense (DoD) contractors working in the TREE arca have one
or more copies of these documents. Copies are usually held by a company's tech-
nical library or by senior staff members working irn the TREE area (e.g., see the
distribution list at the end of this document).

The experimental plan or design is to specify what must be done, why it must
be done, and hovw it must be done to obtain information of the required accuracy
and prucision, Thie is prodably the most important function since the running of
the experiment frequently can be performed by a competent technician once an
experiment is properly designed. The design is a dynamic document which will
change as the experiment evolves to its optimum form. The derign must be done in
detail and should consider all significant variables and their effect on the
results. This document alsc provides an effective means to communicate require-
ments to the simulation facility operators, an opportunity to critigue the
experiment, and it forces the experimenter to think through his experiment in
detail and take into consideration all possible contingencies.

Assistance in selecting a simulation facility is the primary reason for the
existence of this Randdook. Selecting the facility to be uscd must be done early
in the planning stage of the experiment since this will affect the experimental
design.
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A portion of Section 4.0 of the TREE Preferred Procedures; "Radiation Facil-
ities," is reproduced here:

General Considerations

The need for simulation of a given radiation environment
to procuce a predetermined effect requires careful source
selection. The obvious parameters to be considered are, of
course, cost, radiation type (generally photons, neutrons, or
electrons for TREE work), energy spectrum, and time depen-
dence. Other considerations, possibly less obvious at first
glance but requiring attention from a practical standpoint,
are listed below under Operational Considerztions, though not
L necessarily in order of importance.

Within the scope of this Preferred Procedures document,
there are basically two types of device responses of iuter-
est: transient response (typically, photocurrents generated
in the bulk material) and permanent response (damage either
in the bulk or surface of the devices). The basic test-
environment requirements for these responses are given below.

Transient-Response Considerations

Transient responses typically result from photocurrente
introduced through ionization phenomena due primarily to pho-
ton irradiation. However, neutron ionization carn alsc cause
photocurrents of interest. Therefore, a pulsed source of ion-
izing radiation in most cases is desirable having (1) rise
and fall times short compared to diffusion times and long
enough and with controllable pulse-length capabilities to
achieve equilibrium photocurrent in the device under test;
(2) sufficient intensity to produce the reauired range of
dose rates in the device (i.e., to shisin data both where
Iop is linear with dose rate and at the high rates vhere
nonlineariries appear); (3) sufficiently energetic photons or
electrons to penetrate the case of the device and produce a
uniform dose throughout the active volume; (4) an energy
spectrum sufficiently well-known so that the dose rate in the
active volume can be accurately determined by standard meth-
ods; and (S5) spurious RF noise low enough to avoid confusion
of effects. These are ideal characteristics and are not tc be
focund in any one pulsed source,

Many LINAC's and flash x-ray msachines closely approximate
these criteria if proper precautions are taken. The LINAC has
the advantages of variable and long pulse width and better-
controlled beam dismeter, position, intensity, and shot-to-
shot performance. The flash x-ray facility has the advantage
of larger irradiation-volume capability for tests on several
devices simultaneously.

i
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There are two other transient responses of devices which
can be of concern with some systems and which therefore need
to be briefly mentioned. The first response results from
short-term annealing of bipolar transistor gain. Because
transistor-gain degradation is primarily caused by neutrons
a pulsed source of neutrons with sufficient fluence (>101§
n/cm?) and short duration (depending on response times of
interest) is needed. The appropriate pulse width for charac-
terizing this effect will depend upon the system specifica-
tion to be applied to the part being characterized.

Second, a transient response attributable to surface
effects has been observed in some devices. Sources of ioniz-
ing radiation with pulse widths that are short with respect
to the response times of interest should be used to evaluate
the influence of this effect on device response.

Permanent-Responce Considerations

Permanent responses of devices are attributed to physical-
property changes which can persist for long periods of time
as compared to the measurement circuit response time. For
this document, permanent responses can be grouped into two
categories: bulk and surface effects. The bulk effects are
due to lattice displacements in the bulk of the material in-
duced by high-energy radiation, primarily neutrons. Surface
effects are primarily due to 1ionizing radiation causing
changes in the surface .onditions of the bulk material,
Therefore, for permanent bulk~damage type of experiments, a
neutron source is desirable having (1) sufficient fluence of
energetic particles at the experiment position to produce, in
reasonable expsriment times, tne desired bulk damage; (2) a
spectrum sufficiently well-known to allow characterization of
the spectrum in standard terms by standard methods; and (3) a
known n/y ratio that is high enough so that any effects due
to the Yy radiation are negligible in comparison with
neutron-:nduced effects.

Tulsed reactors, some steady-state reactors, and some
accelerator-generated neutron sources meet these criteria.
Avc:lie.oror-generated neutrons may have the energy distri-
but .on of a fission spectrum if they are zenerated in the
photofission process, or they may be nearly monoenergetic if
a fusion rveaction such as the H3(d,n)lleA reaciion is used.
There are also sources utilizing a plasmz of deuteriua and
tritium gases which generate l4-MeV neutrons.

For permanent-surface-effect types of experiments, a
source of iomizing radistion that produces a minimal amount

R Sl RS




of bulk damage is necessary. For electrons in silicon, ener-
gies less than about 150 keV meet this requirement. However,
if the total dose is less than about 10® rad(Si), bulk dam-
age is negligible and higher energy radiations may be util-
ized, Isotope sources, ion accelerators. LINACs, and flash
x-ray machines all can meet these criteria.

Once the test engineer has decided upon the type of radi-
ation facility that he should use, the selection must be made
of the particular facility which will permit him to attain
his experimental objective with the resources at his command.
The determining factors in this decision are the operational
considerations., Operational considerations are those factors
which can only be determined by the test engineer, usually
after he has partially completed his experimental design.
They depend upon such factors as the funds h. has available,
his own expertise as an experimenter in TREE effects, the
physical dimensions of his experiment, and the accuracy and
precision required to obtain his experimental objectives. At
this time, a careful review of Section 2.5 of the TREE Pre-
ferred Procedures, "Experimental Hardware Considerations/
Techniques,”" may be helpful.

One obvious consideration is the cost of using the facility, including
rental f{ces and transportation of personnel and equipment to the facility. This
may be related to the support capabilities available at the radiation facility.
Costs for using a facility can be obtained by contacting the facility and dis-
cussing your requirements with them., This is best left until after the prelimi-
nary experimental design is completed. For a small low-budget experiment, inves-
tigate the possibility of piggy-backing it on another larger experiment. This is
rossible when the experimental conditions of the larger experiment and the ex-
perimenter are ugreeable to such an arrangement.

Other things to consider are:

l. If an experiment requirzs less than a whole day to com~
plete, will the experimenter k¢ charged for a whole day's
use of the facility?

2. Pow flexible is the fscility's staff if the experiment
requires work during other than routine business hours?

). Does the facility have a staff experienced in TREE test-
ing available for cousultation?

4. HBow much ussistance will the staff of the facility be
zble to provide tc the experimenter?

S. Will adequate (quality or quantity) test equinment be
ava_lable st the facility or will the experimenter have
to provide it himself?

6. \hat dosimetry services can the facility provide?
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7. Can an outsile vendor be used to provide supplemental
dosimetry services for redundancy?

8. The problems of remote operation (including long-cable
effects, the possible need for precision test-sample
positioning, or frequent setup change) must be considered.

9. The size of the experiment with respect to the exposure
area available must be considered. How uniform is the
dose and/or dose rate at the location where the experi-
ment will be performed, both across the front surface and
from the front to the back of the experimental package?
For experiments close to a point source it is usually
necessary to prepare a jig to hold the device and dosim-
eters to assure that they receive the same dose., Trial
calculations using the maximum positioning error of the
experiment, assuming a 1/R2 dose dependence, will show
the accuracy required in positioning the components of
the experiment.

10. Are the energy spectrum and/or yield component ratio
(n/y ratio in a reactor, etc.) satisfactory?

11. Can the radiation source be pulsed by a signal from the
experimenter (i.e., synchronization of the radiaticn
pulse with an experimental equipment signal) or must the
experimenter depend on a signal from the facility's
onerator?

12. What will be the uncertainty in knowing exactly when th2
pulse will occur?

13. What precautions will be necessary to protect the . xperi-
ment from unwanted noise &t the facility under roisidera-
tion?

14. Will spurious signals, including charge scattering from
the test fixtures and electromagnetic RF noise due to the
radiation generator or the radiation itself, be more of a
problem at one facility than at another?

15. 1Is a screen room available for the experimenter's use? Is
it large enough for the planned experiment?

Most government-owned simulation facilities require justification as to why
that facility must be usaed before permission to use it is granted. They also may
require that the experiment be related to work on a government contract. When
such authorizations involve more than one governmental agency, several weeks or
even months of lead time may be necesary. Tf the material in an experiment
becomes rvradioactive during irradiation, s license must be obtained to receive
the snecific radioisotopes that were generated. A lead time of from a few days
to a few months is usually necessary when scheduling a test at & nongovernment-
owmed facility.

i
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At many facilities, an experiment test plan must be submitted and approved
before a firm scheduling ccmmitment will be given. This should specify the lim-
itations {(accuracy) of what they can supply. It is the experimenter's responsi-
‘ bility to take these limitations into consideration in the experimental design.
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SECTION 2
PULSE REACTORS

2.1 INTRODUCTION

Two types of pulse reactors are discussed in this section: the bare, all-
metal, unmoderated fast type; and the water-moderated thermal TRIGA. The two
types yield approximately the same total power and neutron fluence but differ in
spectra, pulse width, and some other ways. Both types of reactors can be oper-
ated in either the pulse ¢r steady-state mode,

The neutron spectrum of the bare reactors is a slightly moderated fission
spectrum. Neutron lifetimes are short, resulting in a burst pulse width in the
Us range. An exception ir the Super Kukla (subsection 2.7). The large core
size of this reactor results in a much lcnger prompt neutron lifetime than oc-
curs in the smaller reactors, producing a considerably longer pulse width. The
heat generated in bare reactors during a puise limits the permissible power
operating levels and the burst repetition rate which typically is of the order
of 1 pulse/hr. Steady-state operation of bare reactors generally is discouraged
because of the associated fission product buildup within the fuel material. Sam-
ples to be irradiated are placed near the reactor, next to the fuel material, or
within the "glory hole," which is a hole rumning through the center of the fuel
material.

TRIGA types have the reactor core suspended in a water-filled tank about 20
£+ below the surface of the water. The core is a lattice of cylindrical fuel
elements arranged in a right-circular cylindrical pattern. The individual ele-
ments are spaced to permit water flow throughout the core. The water serves as
both a coolant for the fuel elements and as a neutron moderator. The neutron
spectrum is a moderated fission spectrum with a significant thermal component.
The neutron lifetimes are relatively long, producing pulse widths in the ms
range. The heat generated during a burst places limits on the power which can be
attained. The flow of water through the core permits fast cooling, allowing a
repetition rate of many bursts per hour. TRIGA reactors can be operated in
either the pulse mode or the steady-state mode at a reasonably high power level.
The core is desigxned to accommodate the associated fission product buildup., Sam-
ples are irradiated at any of several locations in and around the core. Maximum
fluence levels are near the center of the core, and samples are accommodated by
removing a fuel element(s) and substituting the sample., Samples also can be
placed i» the pool around the outside of the reactor core. A dry environment is
retained by using either a watertight tank placed in the pool or a cell-type
room adjacent to the pool wall,

Samples placed in or arcund a reactor core exert a perturbing influence on
the neutron flux, affecting the reactivity or nuclear characteristics of the

resctor. Tor this reason, the reactivity "worth" of a particular sample placed
in proximity %o the core must be known. The reactivity worth of a sample is

2-1

S



related directly to its neutron absorption properties and, therefore, to its
material composition and exposure position in the reactor. The units of measure
used in describing reactivity are "dollars" ($). Where the data are available,
tolerable levels of sample reactivity worth have been given in this Handbook.
The worth of an experimental assembly must not exceed the tolerable level.

Sample reactivity worth must be calculated for each individual case. The
data in Table 2-1 are representative of calculations made for samples placed in
proximity of an enriched U 10 w/o Mo-alloy fast-burst reactor. The data are
meant to be illustrative only and are not definitive.

Following Table 2-1 is the outline (Table 2-2) that was used for requesting
data from the individual pulse reactor facilities. The data as reported are for
specific core configurations normally used and considered typical for irradia-
tion experiments. Because experimental samples change the spectrum and flux dis-
tribution, these data, although quantitative, are to be used only as a guide. It
is recommended that, when precise environmental data are required by an experi-
menter, measurements be made while the experiment is performed.

As with all radiation field data, inherent uncertainties associated with
radiation measurement techniques should be kept in mind.

Table 2-1. Reactivity worth of experimental assemblies and reflectors.

Reactivity

Description ($)
Missile guidance package, 35 cm in diameter at 6 cm from 0.20
safety shield
Four lucite boxes (10 x 10 x 5 cm) containing Si oil and 1.02
printed circuit boards arranged symmetrically around the
core at 1 cm from safety shield; assorted detectors at
2.5 cm from safety shield
Two metal boxes containing semiconductors, electronic 0.22
components, one B ball, and S pellets, at surface of
safety shield '
Three transistorized printed circuit hoards arranged 0.20
symmetrically around the core at 2.5 c¢m from safety shield
Two transistorized circuit boards, one B bali, and a dry- 1.09
charge battery (25 x 20 x 5 cm) arranged symmetrically
around the core at 2.5 cm from safety shield
About 50 transistors mounted on Styrofoam board baving a 0.32
radius of 12.7 cm. Components at about 1 cm from safety
shield and surrounding 180 degrees of reactor

(continued)
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Table 2-1 (continued)

o Reactivity
Description ($)
One small transmitter and tower structure, one small power 0.85
supply, one modulator and commutator, one battery pack,
one sensor mount (thermistor and photodiode); ail compo-
nents at 0.5 cm from safety shield and surrounding 180
degrees of reactor.
Five transistorized printed circuit boards, 10 transistors 0.35

on Styrofoam board arranged symmetrically around the core
at 2 cm from safety shield; one B ball at 15.2 cm from
safety shield

Boral box, inside dimensions 30.5 x 30.5 x 47.5 cm high, 0.92
bottom onen, top covered, box material 0.635 cmn thick,
contains 0.366 gm/cmZ cf B4C, 5 cm from fuel to near
surfaces of box

Four Al plates, each 20.3 x 20.3 x 1.9 cm, at 5.7 cm 1.15
from fuel to near surfaces of plates

Four stainless-steel plates, each 20.3 x 20.3 x 2.54 cm, at 2.38
5 cm from fuel to near surfaces of plates

Four plywood plates, each 20.3 x 20.3 x 2.54 cm, at 5 cm 0.71
from fuel to near surfaces of plates

Four lucite plates, each 20 x 20 x 1.9 cm, at 5.5 cm from 1.48
fuel to near surfaces of plates

Lucite box, inside dimensions 41.3 x 41.3 cm x 61 cm 1.74

high, ends open, wall thickness 1.9 cm, at 10.5 cm from
fuel to near surfaces of box

Four paraffin plates, each 20 x 20 x 1.9 cm, at 5 cm from 2.25
fuel to near surfaces of plates
Four water "plates” held in polyethylene bags placed in 0.95

wire baskets having dimensions 20.3 x 20.3 x 2.5 cm at
8.5 cm from fuel to near surfaces of "plates"”

Water "plates" identical to above and boral box, boral 1.83
box placed between water and reactor fuel




Tabie 2-2.

Outline of data requested from pulse reactor facilities.

Reactor Type (fast or thermal)

A. Fast reactor

1.
2.
Gls

Fuel
Basic construction
Immediate test environment

B. Thermal epithermal reactor

J
2.
3s

Fuel
Reactor type/moderator
Immediate test environment

Kle Test Parameters
A. Operating characteristics

1.
2
<8
4.

15

Power level(s) (total fission output per burst)
Temperature-time profile and characteristics

Available reactivity

Reactivity insertion rate; pulse period

Repetition rate and pulse reproducibility/predictability

8. Environment (where appropriate, neutrecn data expressed as 1-MeV
equivalent damage in Si)

le

Fluence maps; neutron and y (elevation and plan views;
data to be presented as isoflux contours)

Flux maps; neutron and y (elevation and plan views; data
to be presented as isoflux contours)

Degree to which n/y ratio can be varied
Spectrum as function of time and position
Pulse width; scope traces

Background radiation levels (y, RF, etc.)

Diagnostic techniques used in the environment measurements
(reactions analyzed in foil measurements of spectra)

Discussion of errors in the environment measurements

Electrical noise mapping (experimental-configuration
dependent)

(continuued)




Table 2-2 (continued)

IT1.

IV,

Support Capabilities

A.

Professional and/or nonprofessional technical support staff
available

Screen room

General electronics available; power, cabling, and minimum
cabling requirements

Timing signals

Dosimetry available (active and/or passive)
Calculational capabilities available

Shop facilities

Experiment preparaton laboratories
Piiotographic equipment and materials

Procedural Information

Contact (technical and administrative)
Scheduling ('ead time)

Cost information if available and/or releasable
Shipping address
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2.2 SANDIA PULSE REACTOR (SPR-III)

2.2.1 Physical Characteristics

SPR-III is an all-metal, unreflected, and unmoderated critical assembly in
the form of a right-circular cylinder, 10.7 in. in dia. and 14.4 in. high. The
assembly contains a total mass of 258 kg of fully enriched U (93.2% U-235), ai-
loyed with 10 w/o Mo. A 7-in. dia. "glory hole" extends vertically through the
center of the core, thereby facilitating internal as well as external irradia-
tion of test samples. It is at the midplane of the glory hole that the principal
performance criterion, 6 x 10!% n/cm? (E > 10 keV) for a maximum yield
burst, is defined.

A thin-walled Al shroud approximately 22 in. 0.D. and 32 in. high covers the
fuel assembly. The shroud, coated with B, serves a dual purpose: first, it con-
fines the cooling gas over the fuel system, thereby achieving relatively effi-
cient cooling; and second, it diminishes the reactivity contribution of moderat-
ing test samples placed external to the reactor. Cooling reduces the maximm
delay time between bursts to 2 hr.

The reactor is capable of operating in either the pulse mode or at a steady-
state power of up to 15 kW for several hours. Steady-state operation is mini-
mized, however, because it produces large fission-product inventories in the
core,

Characterizing data presented herein are taken from detailed quantitative
data obtained by Sandia Laboratories.

2.2.2 Operating Characteristics

The burst energy release is characterized by the temperature rise in the
fuel. A standard SPR-III burst produces about a 350°C to 400°C temperature
rise (maximum). Measured characteristics for a 300°C burst are given in Table
2-3, The peak power level is approximately 118,000 MW. Pulse widt! varies in-
versely with burst size; the larger the temperature excursion, the narrower the
pulse, Figure 2-1 shows the relationship between pulse width and pulse yielc,
Figure 2-2 depicts a typical burst profile, as measured with a photodiode.

Cooling time (forced N) is approximately 1 hr.

Measured data regarding the tolerable reactivity worth of experimental sam-
pies indicate the following:

1. The protective shroud around the fuel material isolates
the reactor from experiment3 placed external to the core.
Hence, there are no limitations on experiments outside
the reactor.

2, Samples placed within the glory hole are very strongly
coupled to the reactor. Measurements have been made re-
garding the reactivity worth of various sample materials
in this position. Experiment worths can be several $ in
magnitude,
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Table 2-3. SPR-III free-field pulse performance characteristics
(dose and dose rates in the glory hole).

Peak Peak
‘ T FWHM | n/cm2/Pulse n/cml /s Rad (H%O) Rad (H,0)
! (°C) (us) (E > 10 keV) (F > 10 keV) Per pulse Per s

100 | 237 | 1.51 x 10" | 6.37 x 1017 | 4.28 x 10* | 1.81 x 108

150 | 150 | 2.47 x 102* | 1.65 x 10" | 6.33 x 10* | 4.22 x 108

200 | 116 | 3.08 x 101* | 2.66 x 1013 | 8.38 x 10* | 7.22 x 108

250 08 | 4.12 x 101* | 4.20 x 10'® | 1.06 x 10° | 1.08 x 10°

300 90 | 4.57 x 10 | 5.08x 101 | 1.31 x 10° | 1.45 x 10°

350 82 | 5.33 x 108 | 6.50 x 1018 | 1.48 x 10° | 1.80 x 10°

400 76 | 6.10 x 101 | 8.03 x 1018 | 1.69 x 10° | 2.22 x 10°

300 T T
200 =
5
&
i090 |— —J
E
S
i
: . L | ! ! |
0 100 200 360 400 500

PULSE YIELD - AT (°C)

Figure 2-1. SPR-III width at half-maximum power versus temperature
rise (pulse yield) free field.
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Figure 2-2. SPR-III typical pulse shape for 300°C AT yield.
An assessment of ssaple reactivity worth will be made by the reactor staff
for each experiment conducted.
Reactivity insertion rate is approximately $10/s.

Burst frequency is approximately 2 hr, depending upon burst size.

2-8




2.2.3 Environment

Meas?rements of the neutron and Yy envirorment in the glory hoie and around
the outside of the reactor and characterizing data taken from these results are
presented here.

Neutron measurements were made utilizing threshold foils. The results are
shown in Figures 2-3 and 2-4 and Table 2-3. The measurements were made essen-
tially in a free-field conditicn; i.e., there were no spectrum—perturbing exper-
iments near the reactor during the measurements. Therefore, thke values given
siiould be representative of any free-field location in the reactor room.

Absorbed Y dose measurements were made with TLD-400 (CaF;) dosimetry.
The results characterizing the SPR-III v environment are presented in Figures
2-5 and 2-6.

Measurements imply that fluence and dose levels are approximately linear
with fuel temperature rise.

Neutron spectra measurements were made with S foils and fission foils in B
balls in the glory hole and at various distances outside the vore. The results
of these measurements are shown in Figures 2-7 and 2-8 and Tsble 2-4. Quantita-
tive data regarding time-dependent spectra are not available.

Measurements show the variation of the n/y ratio with position and types
of reactor operation. Measurements were made using S foils to determine n/cm
(E > 3 keV) from which total dose can be inferred using the appropriate con-
version factors which can be «btasined from the spectra plots, and TLD-400 Yy
dosimetry to measure the absorbed dcse. Figures 2-3 and 2-5 can be uced for
leakag> ratios and Figures 2-4 and 2-6 for the glory hole.

Sources of error include positiovning error of successive dosimetry packages,
shadowing effects, counting statistics, and reactor repeatability.

At any given location in or around the reactor, the n/y ratio is higher on
¢ burst operation than on a power run of equivalent neutron fluence because of
the delayed y dose associated with the extended exposure time on & power run.
A long power run at low power results in fewar n/y than a short power run at
high power (with the total number of kW-min equal in both cases) because a
smaller fraction of delayed y is emitted during the exposure time of the short
power run.

As examples, the n/y ratio in the glory hole is about 3.6 x 109
n/cm?/y rad for pulse and about 2.8 x 109 n/em2/y rad for steady-
state conditions.

Quantitative data on background radiation are not available. The experience

of the facility operators indicates that RF background noise poses no serious
problem.

-9
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Table 2-4. Measured SPR-III neutron spectrum (central cavity,
horizontal and vertical center line, free-field).

Normalized
Group Lower Energy Upper Energy Group Fluence?d
Number (MeV) (MeV) Fraction (n/cm2-MeV)
1 6.5+0 1.0+1 0.005%8 1.59+11
2 4.0+0 6.5+0 0.04862 1.95+12
3 2.5+0 4.0+0 0.10410 6.94+12
4 1.540 2. 50 0.12119 1.21+13
5 1.0+0 1.5+0 0.12123 2.42+13
6 6.5-1 1.040 0.16189 4.63+13
7 1.0-1 6.5-1 0.16154 6.46+13
8 2.5-1 4.0-1 0.11019 7.34+413
9 1.5-1 2.5-1 0.07502 7.50+13
10 1.0-1 1.5-1 0.03611 7.22413
11 6.0-2 1.0-1 0.02668 6.67+13
12 4.0-2 6.0-2 0.01190 5.96+13
13 2.0-2 4.0-2 0.01023 5.12+13
14 1.0-2 2.0-2 0.00462 4.62+13
15 5.0-3 1.0-2 0.00111 2.22+13
16 1.0-3 5.0-3 0.00002 5.00+11
17 1.0-4 1.0-3 0.0000003 3.33+10
1.00000
aNormalized integral fluence = 1014 nvt,

The uncertainties associated with any one measurement point are about #15%.
This uncertainty is inherent in any spectral and fluence measurements because of
uncertainties relating to detector calibration and positioning, cross-section
information, signal measurement, and foil couunting. The uncertainties of the
reported Sandia data are typical and representative of the present state of the
art,

2.2.4 Support Capabilities

With the exception of radiological and toxicological safety services and the
Sandia Laboratories Dosimetry Counting Laboratory, Sandia personnel should not
be expected to provide scientific, technical, or engineering consulting services
or support to non-Sandia users of the pulse reactor. The primary service pro-
vided for the experimenter/user is a nuclear radiation source and/or environment.
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The Sandia technical staff is available for consulting services on a limited
basis unless special contractual arrangements are made. If experiments involve
radioactive or toxic substances, a Sandia health physicist is assigned the
responsibility of regulating personnel exposures and ensuring that proper hand-
ling procedures are employed.

Utilities available inside the reactor cell include:
1. Compressed air 4 CFM at 100 psi

2. Electrical power 40 kVA, 120-V, 1-¢ ac (15 A/outlet)
(220 Vac available upon request)

3. Water drain 3-in. gravity flow.

Around the inside periphery of the cell are 9 electrical patch panels. Of
these, 3 are paired with identical panels outside the cell at trailer parking
stations and 4 are connected with panels inside the instrumentation building.
The other 2 are used by reactor operations. Each of the 7 experiment boxes pro-
vides RG-58B/U coaxial cables, No. 14 signal wires, a ground bus, and an empty
4-in. conduit for the experimenter to pull his own cables when desired.

Near the patch panel at each trailer station, 208-V, 3-¢, 100-A electrical
power 1s available through an Appleton AEEA-10476 connector. Also, each trailer
station has a 120-V, 1-¢ ac supply, terminated in four 3-prong convenience
outlets. Instrumentation cables, which must be provided by the experimenter, may
be laid along the ground between the outer patch panel and the recording trailer.
Equipment located within the reactor room must be wired for remote operation
since personnel will not be permitted insi the area while the reactor is being
operated.

Any cable reaching from the reactor to the patch panel should be a minimum
of 20 ft long. Any cable pulled through the patch panel conduit should be a min-
imua of 45 ft plus the desired length outside the cell.

An instrumentation building located immediately adjacent to the reactor
building houses permanently installed analysis equipment. Dual-beam oscilio-
scopes with automatically actuated caweras, power supplies of various voltage
and current ratings, sud several types of amplifiers are available. Space is
also available for the experimenter to set up his own special equipment. Cables
should be 65 ft long to reach from the reactor to equipment in the instrumenta-
tion building.

No screen room is available at the facility, but provisions can be made for
adequate electrical shielding.

Timing triggers for pre-burst and post-burst and signals relative to burst
peak can be furnished if required.

Dosimetry data can be provided by the Sandia Laboratories Dosimetry Counting

Laboratory. Standard foil techniques are used for neutron measurements. TLD-400
dosimetry is used for the Yy measurements.
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Limited calculation facilities are available at the reactor site. The Sandia
Laboratories computational laboratory can be made available on a limited basis
by prearrangement.

Light machine shop facilities and experiment preparation and setup labora-
tories are available.

Limited photographic equipment 1is available. Oscilloscope cameras and film
are readily available.

Technical and administrative inquiries related to the use of the SPR-III
should be directed to:

Reactor Applications Division
Organization 5451

Sandia Pulsed Reactor Facility

Sandia Laboratories

P.0. Box 5300

Kirtland AFB Fast

Albuquerque, NM 87115

Telephone: (505) 264-2361 or 264-3304

A final experimental plan must be submitted 4 weeks in advance of the antic-
ipated use of the facility. The format to follow in submitting this plan is
shown in Figure 2-9. Schedvling of reactor time is not considered until the con-
tract is approved and the experimental plan is received.

Costs and charges associated with use of the facility are documented and
available directly from Sandia Laboratories. The shipping address is:

Supervisor, Organizatior 5451
Sandia Laboratories

P.0. Box 5800

Kirtland AFB East
Albuquerque, NM 87115

2.2.5 Applicability and Availability

The SPR-III provides a transient radiation environment readily applicable to
TREE experiments. The facility is available to agencies of the DoD and to pri-
vate organizations having Department of Energy (DoE) or DoD contracts requiring
the use of the reactor. The reactor is available on the basis cf noninterference
with Sandia programs.

The reactor facility is located in an isolated experimental area 6 miles
south of the main Sandia Laboratory, making it necessary for experimenters to
provide their own transportation.

2.2.6 Security Clearance

Seciricv clearances are required to gain unescorted access to the SPR facil-
ity. Visitors with a Q-clearance or a DoD Secret clearance with a Restricted
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Data certification may have unescorted access to the SPR. Visitors without the
above clearances must be escorted while in the security area. Visitor Control
. must be contacted to arrange for access to the laboratory.

Date
TO: J. A. Snyder, 5451 Building 6521 Kkxt. 264-1272

FROM: Org. Ext.
(Responsible Project Leader)

Other Participants

This experiment has been discussed with SPR personnel and
the scheduled dates are:

Title

Objective

Security Classification

Procedures

Items to be exposed (qty., wt., mat'ls, dimensions, etc.)

Radiation levels and total number of SPR operations re-
quired

Experimenter Signature

Reviewed and Approved by
SPR Supervision

(Date)

Reviewed by Committee

(Date)

Arrange for Area V access and submit plan as soon as possible
after scheduled reactor time has been verbally confirmed.

NOTE: EXPERIMENTAL SETUP FOR IRRADIATION, AND REMOVAL, WILL
NOT BE DONE BY OPERATIONS PERSONNEL

Figure 2-9. Sandia pulse reactor facility experiment plan. i
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2.3 U.S. ARMY MATERIAL TESTING DIRECTCRATE,
ARMY PULSE RADIATION FACILITY (APRF)

2.3.1 Characteristics

The APRF reactor is a highly mobile and versatile all-metal, fueled, unre-
flected, and unmoderated critical assembly. It is operated in either super-
prompt critical pulse or steady-state mode. For the exposure of small objects tc
high neutron fluence levels, the APRF can be operated with either 39-mm or
106-mm dia,, 198-mm high glory holes. The maximum fluence available in a glory
hole is 6 x 10!% n/cm? (1-MeV equivalent) delivered in a single 45-ys
wide pulse, At the reactor-shroud surface the maximum available fluence is 1.5
x 1014 n/cn? in a single pulse.

The APRF is also designed for the simulation of tactical nuclear environ-
ments and the irradiation of very large objects. The reactor is suspended from a
transporter capable of positioning it remotely at various locations inside a
30-m dia., 25-m high silo made of low-scatter materials, u#s well as at an out-
doors test pad. The reactor can be raised from inside a pit to 13 m above floor
level, which is borated. A relatively free-field environment simulating an air
burst can thus be generated by the reactor,

In the pulse mode the reactor is normally operated to 1.5 x 1017 fis-
sions per pulse. In the steady-state mode the reactor can be operated up to 10
kW for 13 min or continuously at 5 k%.

The reactor is operated in a y mode through the use of various n/y con-
verter shields. These are tailored to meet specific criteria up to dcse rates of
3 x 109 rad/s with pulse widths ranging from 50 us to 5 ms. The reactor is
also used to produce high thermal fluxes up to 1018 n/em2-¢, with the help
of polyethylene flux traps.

Table 2-5 summarizes the irradiation capability of the reactor. Figure 2-10
depicts the reactor and facility building.

2.3.2 Test Parameters

The maximum pulse yield is 2.1 x 1017 fissions. Normal operations are in
the range 1.2 to 1.5 x 1017 ficsions:

Pulsa Yield

1.2 x 1017f 1.5 x 1017F 2.1 x 1017F
Pulse Width (FWHM), ps 52 45 40
Initial Reactor Period, s 19 17 1¢

Figure 2-11 shows traces of a typical pulse shape taken with the APRF Data
Acquisition System. The reactor can be operated in a wide-pulse mode, obtained
by placing suitable moderators near the reactor. Peak y dose rate versus pulse
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width at half maximum (PWHM) power for Yy converters is shown in Figure 2-12
and peak Yy dose rate versus total neutron fluence for Yy converters is shown
in Figure 2-13,

Maximum temperature rise is approximateiy 600°C. Cooling time (forced air)
1s 40 min. Measurad temperature-time profiles are available; they depend on
pulse and FWHM.

An assessment of sample reactivity worth will be made by the reactor staff
for each experiment conducted. The following should be noted:

1. The decoupling shield placed around the core isolates the
reactor from reactivity effects of experiments placed
external to, but near, the reactor

2. Samples placed within the glory holes have a strong reac-
tivity effect on the reactor and careful reactor control
is required

3. Moving experiments, such as burning rocket motors, re-
quire detailed reactivity calibrations to determine their
effect during a pulse

4. In general, when an experiment's reactivity contribution
in the pulse mode is uncertain, its contribution will be
evaluated by exposing it or a mock-up to one or several
pulses at levels lower than that required for final
irradiation.

Peak reactivity insertion rate is $7/s (burst rod).

Typical repetikion rate is 105 min between high-level pulses, which includes
about 30 min of access to change the experiment as required. For planning pur-
poses, a 2-hr cycle time should be used for typical experiments, although as
many as 6 pulses can be obtained in a day.

Pulse reproducibility for a typical experiment is *2X. In general, changes
in the experiment rather than in the reactor determine reproducibility from run
to run.

2.3.3 Environment
2.3.3.1 Fluence and Dose Maps

Fluence, dose, and spectrum wmeasurements, as well as calculations, are made
by APRF staff. Free-field fluence data are given in Figures 2-14 through 2-20.
Intercomparisons and cross calibrations with other facilities have been made and
current data are available from the facility.

The neutron fluence is determined from Pu-239 and Np-237 lcaded double-
fission chambers developed by the National Buresau of Standards (NBS). These
chambers are calibrated against a standard Cf-252 spontaneous fission source,
also at NBS. The result is a traceable calibration accurate to better than
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Figure 2-14, Radial fluence traverse.
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5. Routine dosimetry is performed with S pellets yielding a nominal >3-MeV
fluence. The (>10-keV)/(>3-MeV) flux ratio is 8.8 t 0.6 in both glory
holes and 7.4 * 0.5 for leakage neutrons, respectively, The free-field APRF
neutron spectrum is a slightly degraded U-235 fission spectrum and is essen-
tially 1-MeV equivalent.

Figures 2-14 through 2-20 can be used to determine the fluence or flux dur-
ing steady-state operation using the experimentally verified conversion factor
of 1 x 1017 figsions = 56.6 kW-min.

Neutron and Y dose wmeasurements in rad tisjue are made with tissue-
equivalent and sair-equivalent ionization chambers. These range in volume from
0.5 cc to 16 liters and can be used from in-core to a range of several hundred m
from the reactor.

Several n/y converte. shields are available at APRF. In these shields,
fast neutrons from the reactor are slowed down by use of a moderator such as
polyethylene, and the low-energy neutrons are then captured in Cd and Gd to
produce ~apturad y-rays.

To date, two basic out-of-core shields have been developed: a narrow-pnlse
converter, and a wide-pulse converter. Figure 2-12 shows the measured y dose
rate versus FWHM for both narrow and wide pulses. The converter consists of a
box 400 mm wide, 360 wm high, and 380 mm deep, with 76-mm thick walls of con~
verter material consisting of polyethylene impregnated with 20 w/o CdO and 10
v/o Gdy03. The back is cpen for access. The maximum output is 1.3 x 10l?
fissions per pulse for narrov pulses and 1.8 x 1017 figsions per pulse for
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wide pulses. From Figures 2-12 and 2-13 it is seen that there is some flexibil-
ity in FWHM and neutron fluence and the same dose rate can be obtained over a
range of these parameters.

Figure 2-21 shows the neutron and Yy doses at the inside center of the con-
verter box for tissue as a function of converter thickrness. Figure 2-22 shows
the sanme data for Si. For Si, the neutron contribution inside the converter
shield is very small,

APRF has a complete high-resolution neutron and Y spectrum measurement
capability centered on proton recoil, NE213 scintillator, and Li-6 solid-state
spectrometers. These spectrometers can be used to obtain the spectra when the
basic free-field data are inadequate. Measurements are made as far as 450 m from
the reactor in simulated tactical nuclear environments. Calculations ure made
using ANISN one-dimensional and the DOT 3.5 two-dimensional discrete ordinate
codes. In general, agreement between calculations and measurements is good.
Typical data are shown in Figure 2-23.

APRF has available the routine foil activation and spectrum unfoiding tech-
niques for those applications where this is required.

Reference free-field neutron and photon leakage spectral data are given in
Tables 2-6 through 2-8. The 90-group spectrum is the most recent determination.

105
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TOTAL DOSE (rad tissue)

103 | ] ! Lo
0 2 4 6

INCHES OF CONVERTER SHIELD
Figure 2-21. Total y and neutron doses versus f9nverter

thickness {rad tissue at 1.3 x 10*/F)
(66.3 kW-min).
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Table 2-6. APRF reactor leakage neutron spectrum.d
: Integral Spectrum Differential Spectrum
Energy Eﬁ::;;T Relative
Group E lower (n/cm2)b Spec trum (n/cm2Mev)b
14.92 MeV
] 10.00 7.66 x 108 0.00064 1.56 x 108
2 6.70 1.02 x 1010 0.00850 2.87 x 10°
3 4.50 5.18 x 10.0 0.04297 1.88 x 1010
4 3.01 1.42 x 101! 0.11770 6.09 x 10%0
5 2.02 2.56 x 1011 0.21247 1.15 x 10!}
6 1.35 4.16 x 1011 0.34499 2.40 x 10']
7 0.91 5.93 x 101! 0.49176 3.97 x 10!
8 0.55 8.26 x 10! 0.68550 6.54 x 1011
9 0.334 9.99 x 101 0.82892 8.00 x 1011
10 0.202 1.10 x 1012 0.91497 7.92 x 104!
11 0.123 1.16 x 1012 0.95883 6.64 x 1011
12 40.9 keV 1.19 x 1012 0.99012 4.61 x 101
13 11.7 1.20 x 1012 0.99755 3.07 x 1011
14 3.35 1.20 x 1012 0.99927 2.48 x 1011
1 0.75 1.21 x 1012 | 0.99984 2.64 x 101
16 0.17 1.21 x 1012 0.99997 2.78 x 101
17 37.3 eV 1.00000 2.43 x 101!
18 8.32 1.50 x 10*!
19 1.86 6.69 x 1010
20 0.41 1.60 x 1010
21 Thermal 1.21 x 1012 1.00000 9.09 x 108
Sum - 1.21 x 1012 1.00000 5.79 x 1012

ATwo-dimensional discrete ordinate transport calculation.

bNormalized to 1.0 x 1017 fiss‘ons at 1 m from core center.
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Table 2-7. APRF reactor leakage photon spectrum.?

Integral Spectrum Differential Spectrum
Energy gﬁg:;;? Relative
Group E lower (photons/cm2)b Spectrum (pnotons/cmZMeV)P
10 MeV
1 8.0 9.01 x 107 0.00017 4.51 x 10
2 7.0 2.53 x 108 0.00046 1.62 x 10°
3 6.0 6.86 x 10° 0.00126 4.33 x 108
4 5.0 8.56 x 108 0.00158 1.70 x 10°
5 4.0 1.49 x 10° 0.00274 6.31 x 10°
6 3.5 8.22 x 10° 0.01700 1.55 x 100
7 3.0 2.10 x 1010 0.03880 2.36 x 1010
8 2.5 4.33 x 1010 0.07988 4.45 x 10%0
9 2.0 8.30 x 100 0.15304 7.93 x 1010
10 1.6 1.36 x 10! 0.24988 1.31 x 101!
11 1.2 2.18 x 101! 0.40233 2.07 x 10!
12 0.9 2.98 x 101} 0.54896 2.65 x 101!
13 0.6 a.01 x 10* 0.74025 3.46 x 101!
14 0.4 4.85 x 10'1 1.89110 4.20 x 101
15 c.21 5.30 x 101! 0.97706 2.34 x 101!
1 0.12 5.41 x 1011 0.99700 1.20 x 101
17 0.07 5.2 x 1011 | 0.99997 3.23 x 1010
18 0.10 5.42 x 101} 1.00000 2.19 x 108
Sum e 5.42 x 1011 | 1.00000 1.93 x 10'?
3rwo-dimenrsional discrete ordinate transport calculation.
bNorma?ized to 1.0 x 1017 fissions at 1 m from core center.




APRF 90-group leakage neutron spectrum,
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The n/y dose ratio in rad tissue is 10 for free~field conditions near core
surface and 7 in the glory hole with a steel limer. With 150 mm of n/Y conver-
ter material, this ratio can be changed by a factor of 50 from 10 to 0.2, as
shown in Figure 2-24. In terms of neutron fluence per Yy dose, this ratio is
4.48 x 109 n/cm? rad for leakage neutrons and 3.23 x 109 n/cm? rad
in the steel-lined glory hole. This ratio can be varied through proper shielding
arrangements, and also varies significantly as a function of range.

Experiecnce has shown that induced electrical noise is not a problem at the
APRF. Normal coaxial shielding techniques have proven to be adequate for experi-
ments. However, unusual experiments involving high impedance or gains greater
than 1,000 would warrant consultation with the facility staff regarding triaxial
signal systems and types of grounds.

2.3.4 Support Capabilities

A professional and technical staff is available to guide, plan, and set up
experiments, perform dosimetry, and assist in data acquisition. Each user pro-
gram is assigned to a project engineer whose responsibility it is to provide
technical and administrative consultation so that each program is completed
satisfactorily and cn schedule. Extensive electronic support equipment and a
complete data-recording system are available at the facility. Staff engineering
assistance is available so users can make the maximum use of this capability.

Gommao - 10 - Neutron Dose (Tissue) Ratio
-
T

-

| | | { |
[} I 2 3 [ ) [ 4

Inches of Converter Shigid

Figure 2-24. vy/n dose (tissue) ratio versus
converter shield thickness.
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The APRF Transient Data Recording System is designed to record electrical
transient data over frequency ranges of dc to 80 kHz and 400 Hz to 700 kHz. The
system consists of three l4-track magnetic tape instrument recorders, FM and
direct recorder electronics, time code and analog calibration systems, an assort-
ment of signal-processing instrumentation, and an oscillograph for "quick-look"
data display. Patch panels are provided in the instrument room for connecting
any signal cable to any data channel. Trumpter triaxial patch plugs and cords
are used for all low-level signals.

Ten channels of B&F Model 1-700 universal signal conditioners are available
to process thermocouple or strain-gage signals. Regulated strain-gage power sup-
plies are rated at 100 mA, 1 to 30 V, and 1 to 50 mA in constant I operation.
Three-step calibration relays are provided for automatic calibration. The strain-
gage system will accept 1-, 2-, or 4-arm strain gages and up to 8-wire double-
shunt calibration.

Signal amplification is provided by 26 dc amplifiers (Dynamics Instrument
Company Model 7514B) with the following characteristics:
1. Differential input
2. Input impedance, 10 MQ
3. Frequency response, dc to 100 kHz, -3db
4. Gain, steps 1 to 1,000
5. Output V, 10 V,
The analoag calibration system will provide a 3-point calibration (including

zero) of 50 data channels, simultaneously, prior to a reactor pulse. This cali-
bration system has the following features:

1. Zero, 50X, 100X of full-signal calibration levels
2. Total calibration time less than 6 s
3. Individually adjustable levels from 0.001 to 10 V

4. Manual o: automatic stepping through the different cali-
bration levels

5. Square-wave or dc output
6. Shunt resistor calibration for strain gages and mV injec-
tion for thermocouples and dc smplifier channels.

Connector panels leading to the data system, with an assortment of cgbles,
are available in the Reactor Building (East, North, and Northwest) and at the
outdoor test pad. Each connector panel includes the following connectors and

cables:
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Connector Cable Quantity

BNC RG-58 C, 50-Q 20
HN RG-11 A, 75-Q 10
BNC RG-62 B, 93-Q 5
Triaxial RG 108A Twinax, 78-Q 10
Viking 4-pin 2-wire, shielded 20
Viking 13-pin 8-wire, shielded 10

Three l4-track instrumentation recorders are available for the recording of
data. They are -equipped with medium-band heads giving a direct frequency
response of 400 Hz to 700 kHz, and an FM response of dc to 80 kHz using IRIG
wideband Group 1 frequencies. An IRIG-A time-code signal is recorded on eac
recorder for search and control purposes. One recorder is used for playback into
either oscilloscopes or an oscillograph. The oscillograph is equipped with 14
channels to display all data simultaneously cn a tape.

No screen room is available. However, provisions can be made for adequate
electrical shielding.

APRF supportinrg electric equipment is as follows:

Quantity
Item Available
556 Tektronix Oscilloscope
555 Tektronix Oscilloscope
R7912 Tektronix Transient Digitizer
PDP 11-05 DEC Computer
Digital Lab Peripheral System
Nuclear Data 4420 Dual Parareter Multichannel Analyzer System
C-19 Oscilloscope Cameras
200 Hewlett Packard Audio Oscillator
575 Tektronix Curve Tracer
56505 Power Designs Power Supplies
890A Harrison Lab Power Supply
2K10 Power Designs Power Supply
261 Keithley Picoampere Source
6604 Keithley Differential Voltmeter
500 Keithley Megohmmeter
1210-C General Radio Signal Generator
1862C General Radio Megohmmeter
Cu-2 Anadex Pulse Gererator
6613 Texas Instruments Pulse Generator
6609 Texas Instruments Pulse Generator
5 8A Hickok Tube Tester
3440 Hewlett Packard Digital Voltmeter
1212D ORNL Pulse Generator
184 Tektronix Time-Mark Generator

ot ot et st Pt s Pt s Pt N Pt N N Pt £ bt et LN e e e s (D WD

(continued)
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Quantity
Item Available

5244L Hewlett Packard Counter/Timer

652A Hewlett Packard Sine-Wave Generator
3400 RMS Meter

241 Keithley Power Supply

415B Fluke Power Supply

454 Tektronix Oscilloscope

531 Tektronix Oscilloscope

RIDL 400-Channel Pulse Height Analyzer
TC-200 Tennelec Linear Amplifier

C-12 Oscilloscope Camera

NN s = D = N s

A zero-time pulse is available for external synchronization of circuits and
oscilloscopes. The synch pulse is +20-V, 20-Q source impedance and will drive
up to 20 oscilloscopes. The time interval between the synch pulse and the peak
of the reactor pulse is approximately 125 pus for a 1.2 x 1017 fissions-
yield pulse.

Dosimetry is performed by the facility staff. Various neutron and y do-
simetry systems are available, including S and fission foil counting, high-
resolution spectrometers, Yy glass microdosimeters and miniature ion chambers,
and active dosimeters (including PIN, diodes, and SEMIRAD). Specialized require-
ments such as spectrum calculations can be arranged for, subject to orior
negotiations.,

Light machine shop facilities can provide limited service at the site. The
APG central shop facilities for heavy mechanical work are available by special
arrangement. Extensive experiment preparation rooms/laboratories, including a
radiochemistry lab, a metallurgical lab, and a smill electronics repair lab, are
available. Office space, a small library, a conference room, a main technical
library, and a photographic laboratory are also available.

2.3.5 Procedural Information

Address technical and administrative inquiries to:

Commander

U.S. Army Aberdeen Proving Ground

Attn: STEAP-MT-R

Aberdeen Proving Ground, MD 21005

Telephone: Com. (301) 278-4881, 3204, 3970
A/V 283-4881, 3204, 3970

Dr. H.P. Yockey
Dr. A.H. Kazi
Mr. R.C. Harrison
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Direct funding transfers to:

Commander

U.S. Army Aberdeen Proving Ground
Attn: STEAP-CO

Aberdeen Proving Ground, MD 21005
Telephone: (301) 278-4520

Approxinately 3 months lead time for programs requiring several weeks, in-
cluding time for approval of a written test plan, is required. Short programs
can be accommodated on shorter notice as the schedule permits. It is essential
that informal contact with the facility be established as soon as there appears
to be a requirement. Cost and charges associated with the use of the reactor and
the facility cen be obtained directly from the facility.

2.3.6 Applicability and Availability

The APRF was built to suppert the U.S. Army radiaticn effects mission. Over
the past several years investigations of prime interest have included radiation
effects on propellants, ordnance, electronics and chemicals, vehicle shielding,
neutron radiography, dosimetry, and health physics. The reactor has been used
extensively in TREE experiments.

4 fyll operating staff and a limited professional staff are permanently
assigned to the facility. The professional staff is nct primarily oriented
toward TREE investigations; however, they will provide assistance and technical
consultation within the available limits of manpower and funding. The APRF is
located at some distance from the main area of Aberdeen Proving Ground and from
the nearer motels. The facility is about 1 hr from Friendship Airport in Balti-
more and 1% hr from National Airport in Washington, D.C. It is necessary for
experimenters to provide their own daily transportation.

2.3.7 References
1. "army Pulse Radiation Facility,” brochure available directly from APRF.
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106 mm Diameter Glory Hole," &Nuclear Science and Engineering, 60:62-73,
May 1976.

3. Kazi, A.H., T.A. Dunn, R.C. Harrison, and D.O. Williams, ''Characteristics
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2.4 ARMY FAST BURST REACTOR FACILITY

The Fast Burst Reactor (FBR) is a Godiva-type reactor that produces z neu-
tron environment approximating a weapon environment., It is an all-metal, un-
reflected, and unmoderated critical asssembly in the form of a right-circular
cylinder 8 in. in dia. and 7.6 in. high. The assembly contains a total mass of
92.4 kg of fully enriched U (93.2% U-235) alloyed with 10 w/o Mo. Samples are
irradiated external to the reactor core. Recently, it also has been used as a
pulsed Y scurce. The neutron pulse is nominally 50-us wide (FWHM) and at the
closest approach to the core offers a fast flux of about 6 x 1813 ,/cm2
per burst. When ‘used as a Y source, the pulse may be as wide as several hun-
dred us.

A small axial cavity has been incorporated into the FBR design. At a later
date (aiter further testing), the use of this cavity will be permitted. It is
expccted that this cavity will allow experimenters to expose small experiments
to doses 5 times larger than exposures external to the core.

A thin-walled steel shroud approximately 8.75 in. in dia. and 10 in. high
covers the fvel assembly. The shroud, lined with B, serves a dual purpose by
ducting forced cooling air over the fuel system and by diminishing the reactiv-
ity contribution of moderating test samples placed exiernal to the core. Typical
turnaround time from burst to burst is about 90 min. Minimum tarnaround time,
without cell entry, is about 45 min.

The FBR may be operated in the pulse mode or at a steady-state power of up
to 5 kW. In a steady-state mode, it will produce the dose equivalent to a usual
burst in about 15 min.

Figure 2-25 illustrates the reactor and facility building. The reactor Is
normally operated in a room 50 x 50 x 20 ft. For experiments too large for the
reactor cell, the reactor may be moved to an outdoor operating site at a ground-
level station. There are no features of the surrounding terrain (trees, hills,
etc.) that limit the utility of the outdoor site.

2.4.1 Operating Characteristics

Maximum burst yield is } x 1017 fissions and has the following associ-
ated with it:

1. Total leakage neutrons 1.5 x 1017 g
2. Neutron tluence 1 in. from reactor v7 x 1013 n/cm?
shroud (E > 10 keV)

3. Peak y dose 2 x 10% rad¥
4. Peak Yy dose rate 1 x 108 rad*/s

Pulse width and initial reactor period results of measurements utilizing fluor
detectors planed external to the reactor are:

* It is assumed the dose is 1n air.
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1. Pulse width (FWHM) 48 us

2. 1Initial reactor period 16 us

Temperature characteristics are:

1. Maximum temperaiurz rise 300-500°C
2. Maximum average temperature rise 150-250°C
3. Cooling time (forced air) 45 min

Quantitative data on temperature~time prufile are not available.

Experiments having a reactivity worth of up to v$2.00 can be accommodated.
An assessment of sample reactivity worth will be made by the FBR staf{ for each
experiment conducted. Peak reactivity insertion rate is $50/s, burst repetition
rate is 1 per 75 min, and predictability is *5Z.

2.4.2 Environment
2.4,2.1 Fluence and Dose Maps

Figures 2-26 through 2-28 are nomographs showing the total fast flux avail-
able. The maximum y dose is about 10%R at the closest approach to the
reactor.,

Detailed measurements of the neutron and Y environment generated by the
FBR were performed during September 1964 by the Santa Barbara Division of
Edgerton, Germerhauser, and Greer, Inc. Neutron fluerce and Y dose measurements
were made chroughout the irradiation cell and in a corresponding volume arcund
the reactor while in an outdcor operating location. Measurements were made in
four basic geometries:

l. 6~in, horizontal circle in the geometric midplane of the
core and 6-in. vertical semicircles intersecting the ver-
tical core axis

2. 1-m horizental circle and vertical semicircles
3. Vertical traverses 1 m from the reactor axis
4. Radial profiles from 6 in. to approximately 25 ft from

the reactor core center.

All data were normalized to a burst of 1.0 x 1016 fissions (24.3°C AT).
Data taken from those results are tc be used as a guide. If environmental data
are required, measurements should be made at the time cf the experiment.

Neutron measurements were made using the foils listed in Table 2-9, Results
of the neutron measurements are given in Tables 2-10 through 2-19, which tabulate
the data as obtained from each of the several foil positions, and Figures 2-29
through 2-41, which graphically display averages of the tabulated data.
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Table 2-10. Neutron fluence > 3.0 MeV per 1.0 x 1016
fissions (24.3°C AT) on 6-in. horizontal
circle.

Fluence (x 1011 n/cmz) (E > 3.0 Mev)

Position =

{deg) Outdoor Indoor
0 7.62 7.67
12 7.45 7.67
24 7.54 7.80
36 7 91 7.80
48 7.26 7.54
60 7.23 7.47
72 7.21 7.47
84 7.18 7.47
96 7.23 7.54
108 7.26 7.47
120 7.56 7.87
132 7.67 8.20
144 7.53 8.14
156 7.34 8.14
168 7.18 7.94
180 7.32 7.94
192 7.04 7.80
204 6.99 7.87
216 7.23 8.00
228 7.54 8.34
240 7.81 8.40
252 7.73 8.47
264 7.62 8.40
276 7.70 8.34
288 7.67 8.14
300 7.45 8.07
312 7.29 7.80
324 7.31 7.67
336 7.15 7.60
348 7.45 7.74
Average 7.40 7.89
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Table 2-11. Neutron fluence > 3.0 MeV per 1.0 x 1016
fissions (24.3°C AT) on l-m horizontal circle.

Flyence Fluence
(x 1010 n/em?) (x 1010 n/cm?)
(E > 3.0 MeV) (£ > 3.0 MeV)
Pasition Position

{deg) Outdoor Indoor (deq) Outdoor Indoor
4] 1.57 1.56 186 1.52 1.55

6 1.59 1.52 192 1.52 1.50

12 1.52 1.51 198 1.52 1.54

] 18 1.53 1.48 204 1.50 1.52
24 1.53 1.20 210 1.54 1.49

30 1.54 1.51 216 1.55 1.51

36 1.52 1.48 222 1.54 1.50

42 1.59 1.52 228 1.50 1.53
48 1.52 1.49 234 1.54 1.53

54 1.53 1.48 240 1.56 1.48

60 1.49 1.48 246 1.56 1.50
66 1.51 1.50 252 1.57 1.56

72 1.52 1.52 258 1.59 1.54

78 1.55 1.47 264 1.58 1.62

84 1.49 1.48 270 1.55 1.53
9C 1.55 1.49 276 1.54 1.58

9% 1.55 1.49 282 1.55 1.58
102 1.53 1.49 288 151 1.53
108 1.52 1.50 294 1.50 1.50
114 1.52 1.44 300 1.55 1.54

| 120 1.52 1.51 306 1.53 1.52
| 12 1.45 1.46 312 1.54 1.51
132 1.52 1.53 318 1.56 1.5
138 1.48 1. 51 324 1.51 1.52
144 1.50 1.55 330 1.52 1.52
150 1.48 1.51 336 1.43 1.53
156 1.58 1.58 342 1.55 1.53
162 1.56 1.57 348 1.54 1.53
168 1.53 1.56 354 1.58 1.55

174 1.4 1.55

180 1.59 1.54 Average 1,53 1.52
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Table 2-12. Vertical traverse of neutron fluence > 3.0 MeV per
1.0 x 1016 fissions (24.3°C AT) at 1 m from reactor

center.
1
Distance Fluence (x 109 n/cm?) (E > 3.0 MeV)
from l
Floor (in.) Position 12 1 Position 2 Position 3 Position 4 Average
Indoor
6 4.33 4.16 4.07 4.18 4.19
12 5.26 4.73 4.65 4,82 4,86
18 5.88 5.60 5.49 5.72 5.67
24 6.82 6.49 6.21 6.55 6.52 l
i 30 8.21 7.75 7.48 7.55 7.75
36 2.60 8.94 9.07 9.40 9.25 1
4 11.5 10.7 10.7 10.7 10.9 i
46 12.7 11.8 12,0 12.4 12.2 ‘
50 14.0 13.3 13.8 13.3 13.6 |
54 14.7 14.8 15.2 14.8 14.9 |
58 15.9 16.4 16.3 15.5 16.0
62 17.1 16.6 16.5 16.6 16.7
65.5 15.2 15.2 15.2 15.2 15.2 |
72 14.6 13.9 15.0 14.9 14.6 |
76 13.2 13.2 13.2 13.5 13.2
£0 11.9 11.9 12.7 12.6 12.3
84 11.5 11.1 11.1 11.6 11.3
90 9.46 %.39 9.20 8.52 9.14
96 7.53 7.81 7.90 6.76 7.50
102 7.13 6.74 6.70 6.48 6.76
Outdoor
6 4,12 3.97 3.95 4,24 4,07
12 4.87 4.76 4.54 4.87 4.76
18 5.63 5.51 5.40 5.95 5.62
24 6.64 6.52 6.32 6.70 6.55
30 7.89 7.47 7.81 7.89 7.77
36 9.29 8.83 9.37 9.29 9.19 |
42 11.0 10.3 10.9 11.0 11.0 y
46 12.3 11.5 12.3 12.3 12.1
50 13.3 13.0 13.3 13.4 13.3
54 14.8 14.4 14.8 14.7 14.7
58 15.9 15.8 15.6 15.8 15.8
62 16.9 16.9 16.7 16.9 16.9
65.5 15.3 15.3 15.3 15.3 15.3
72 15.0 14.6 14.2 14,5 14.6
76 13.5 13.6 13.5 13.4 13.%
80 12.2 12.4 12.2 12.1 12.2
84 11,0 10.8 11.4 9.02 10.6
90 10.0 9.52 9.83 8.41 9.40
9% 8.06 8.18 8.03 8.18 8.11 |
102 6.62 7.07 6.76 7.87 7.08 |
b aThe positions referred to here are 90 degrees apart on a circle of 1-m radius
ard centered at the reactor core. Position 1 is the southeast direction with
subsequent positions being located clockwise around the circle,
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Table 2-15. Neutron fluence above various threshold energies per 1.0 x 1016 fissions (24.3°C AT) on

four vertical traverses 1 m from core center, indoor.

Thermal
Neutign
(n/cm?)
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Distance
Above
Floor (in.)

102

Position 1 is in the southeast

direction with subsequent positior.s being located clockwice arnund the circle,

3 h positions referred to here are 90 degrees apart cn a circle of 1-m radius centered at the reactor core.
bu(10)* = 1010; “(9)* = 109; etc.
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(24.3°C AT) on

1sstons

Neutron fluence above various threshold energies per 1.0 x 1016 f

four vertical traverses 1 m from core center, outdoor.

Table 2-16.
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direction with subsequent positions hein3y located clockwise around the circle.

¥The positions referred to here are 90 degrees apart on a circle of 1-m radius and centered at the reactor core. Position 1 is in the southeast
S=(10)" = 1010




6 fissions (24.3°C AT)

as a function of radial distance from core center, indoor.

Table 2-17. Neutron fluence above varinus threshold energies per 1.0 x 10!
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Table 2-18. Neutrcn fluence above vcrious threshold energies per 1.0 x 1016 fissions (24.3°C AT) as

A function of radial distance frouw core center, outdoor.
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37ero degrees lying directly south with subsequent degrees measured clockwise on 2 herizontal plane located at the core center,

be(12)* = 1012; *(11)* = 1011; etc.
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Table 2-19. Neutron energy spectrum as a function of radial distance from
reactor center expressed in percent of neutrcns above threshold
energy and normalized to 100% above 10 keV.

Distance From Percent Above Measurement Foil Threshold
Core Center
(in.) Pu Np U S and Ni | Mg
Outside

100 65 33 11.5 1.6 0.6

100 64 34 12 1.6 0.6

12 100 61 34 14 1.8 0.7

15 100 61 32 12 - 1.6 0.6

21 100 65 33 14 2.0 0.7

28 100 64 34 15 2.1 0.7

39.4 100 61 35 13 1.8 0.6

59 100 62 30 13 1.6 0.6

117 100 67 30 12 1.8 0.5

189 100 56 27 12 - 0.5

261 100 68 28 11 - -

Inside

6 100 64 33 12 1.6 0.6

9 100 66 35 13 1.7 0.6

12 100 62 33 12 1.6 0.6

15 100 59 33 12 1.7 0.6

2l 100 59 34 13 1.8 0.7

28 100 60 33 13 1.9 0.7

39.4 100 62 2l 12 1.7 0.6

59 100 62 32 13 - 0.7

117 100 8 26 11 - 0.6

189 100 51 24 9.4 - 0.5

261 100 28 26 8.2 - 0.3

Reference { Watt 100 83 53 21 2.1 0.8 |
Spectra Godiva 100 65 33 13 i
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Figure 2-29. Average neutron fluence > 3.0 MoV on 6-in. horizontal circle.
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Figure 2-32. Average neutron fluence > 3.0 MeV as a function
of radial distance from core center, indoor.
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Figure 2-33. Average neutron fluence > 3.0 MeV as a function
of radial distance from core center, outdoor.
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Gamma dose measurements were made with TLD dosimeters, Ag-activated phos-
phate glass-rod microdosimeters, and chemical dosimeters. Measuremcnts were made
at positicns similar to those used in the neutron measurements. Results are given
in Tables 2-20 through 2-25 and Figures 2-42 through 2-46. As with the neutron
data, the tables represent the data as obtained from the various desimeter posi-
tions and the curves graphically display averages of the tabulated data.

Spectrum data are not available, but the neutron fluence data in Tables 2-15
through 2-18 and in Figures 2-34 through 2-41 are presented in terms of thres-
holds from which spectral data can be derived. The fluence measurements were
made utilizing 7 different threshold foils. The n/y ratio is 4 x 109 n/
(em2 (E > 10 keV) rad) and can be varied through the use of proper shield-
ing arrangements.

Quantitative data cn background radiation are not available. All cables are
protected with sui“able shielding. It is the experierce »>f the facility opera-

tors that RF background noise poses no serious problems.

2.4.3 Support Capabilities

The prime mission of the laboratory is to provide facilities for U.S. Govern-
ment agencies or their contractrrs Lo conduct experiments that require a nuclear
radiation environment. Facility personnel operate the reactor and supply limited
operational and working assistance. A professionsl staff, ennanced by .scientific
and engineering personnel from university and college faculties, is available to
support all experimental programs.

Monitoring of electronic experiments is acomplished by cables rum through
conduits from the reactor cell, or outdoor site, to an instrumentatior rcom. The
cable length from the reactor to the instrument racks in the instrumentation
room is nominally 60 ft. Cables are permanently installed, terminating in patch-
cord panels in both the reactor cell and the instrumentation room. This cabl:
installation consists of 40 RG-58 c¢/u, 10 RG-59 :=/u, and 11 double No. 18 con-
ductors., Extra conduits and cable pulling equipment are available for experi-
menters to install additional cables as needed.

Small experiments to be exposed between 6 in. and 48 in. from the reactor
may be mounted on a table. The top of this rabie is X%-in. pegboard. The experi-
ment needs to be fastened so that it is me:hanically stable., Large and/or heavy
experiments must be supported by experimenter-supplied fixtures and must be
mechanically stable. The support fixture should be designed to rest on a concrete
portion of the floor.

Experiments containing moving parts, liquids, or explosives require special
consideration and, therefore, must Le described in minute detail in the test
plan.

Various timing signals are available to allow the experimenter to coordinate
data taking with the reactor burst.
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Table 2-20. vy dose per 1.0 x 1616 fissions (24.3°C AT) on
6-in. horizontal circle.

Exposure (R)
Posi tion Indoor Outdoor
L (degq) TLD Glass Rods TLD Glass Rods
0 1536 1690
12 1691 2015
24 1591 1730
36 1665 2009
48 15C0 1670
60 1649 1865
72 1522 1640
84 1546 1777
% 1518 1670
108 1674 1839
, 120 1594 1690
| 132 1819 1959
144 1631 1620
156 1623 1908
168 1536 1620
180 1674 1796
192 1500 1610
204 1776 1858
216 1556 1571
228 1895 1833
240 1628 1533
252 1836 1783
264 1620 1567
273 1794 1796
288 1591 1599
300 1828 1927
312 1556 1535
324 1639 1733
336 1522 1604
348 1708 1777
Average 1674 1561 1858 1627
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Table 2-23. y dose per 1.0 x 1016 fissions (24.3°C AT)
vertical traverse at 1 m from reactor axis.

Position 12 Position 2 Position 3 Position 4
Distance
Above 1ass Glass Glass Glass
Floor (in.) | TLD Rods TLD Rods TLD Rods TLD Rods Average
Indoor Exposure (R)
6 11.0 12.8 11.0 12.7 11.9
12 14.2 13.8 13.9 12.2 13.5
18 15.4 17.2 14.7 16.1 15.9
24 18.4 16.6 17.4 i7.4 17.5
[ 30 19.2 20.4 19.5 21.2 20.1
36 25.6 23.0 24.9 24.7 24.5
42 29.2 27.6 26.6 28.3 27.9
46 30.9 30.1 34.0 33.7 32.2
50 33.7 32.3 37.0 34.7 34.4
54 34.6 36.2 34.8 36.2 37.4
58 19.2 35.1 36.2 41.0 37.9
62 36.8 38.9 38.7 44,5 39.7
65.5 36. 36.5 36.6 | 36.5 36.6 | 36.5 36.6 | 3b.5 36.6
72 44.% 46.2 41.1 37.4 42.3
76 34.1 38.3 34.1 39.3 36.4
80 33.0 32.5 34.9 33.3 33.4
84 32.5 31.1 30.1 31.7 31.4
90 26.0 30.0 25.3 31.7 28.2
96 20.1 22.0 26.0 20.7 22.2
102 18.9 21.1 17.5 24.4 20.5
Outdoor Exposure (R)
6 10.1 14.0 No data 20.1 14.4
12 18.4 11.9 obt ained 14.3 14.9
18 16.4 22.1 16.4 | 18.3
24 28.1 16.9 18.7 21.2
30 20.1 23.1 24.7 22.7
[ 36 30.1 | 24.8 27.0 27.3
42 29.1 29.1 32.8 30.3
46 34.8 33.8 37.2 35.3
50 34,7 35.8 37.8 36.1
54 45.1 38.1 38.1 40.4
58 39.8 39.1 44,5 41.1
62 45.5 | 39.8 | ' 34.0 43.1
65.5 37.1 | 39.9 37.1 | 39.9 37.1 1 39.9 37.1 | 39.9 38.5
72 41.5 49.2 46.0 48.2 46.2
76 42.9 39.6 47.6 43.5 43.4
80 37.8 42.1 44.7 37.3 40.4
84 35.7 34.3 40.5 34.8 36.3
90 29.3 27.8 31.0 30.2 30.4
96 27.8 24.3 30.2 23.9 26.6
102 21.1 18.3 21.5 23.0 20.7
aThe positions referred to here are 90 degrees apart on a circle of l-m radius
and centered at the reactor core. Position 1 is in the southeast direction with
subsequent. positions located clockaise around the circle.
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Utilities 2vailable at the reactor cell are listed in Table 2-26. Dosimetry
equipment and instrumentation for the FBR are described in Table 2-27.

Test requirements, including all the preceding considerations, along with
expariment size and exposure levels needed, chould be submitted at least 2 week:
in advance of the scheduled test. This allows personnel concetned with the fore-
going problems time to contact the experimenter to correct any evident problems
before he leaves his facility for the White Sands Missile Range (WSMR). Failure
to submit detailed requirements in writing 2 weeks in advance of the scheduled
test date could result in delay of the test after the experimen:er arrives.

Authorization for photographic support must be obtained f:om the Missile-
Range Administration. Professional photagraphic support is available at the WSMR
facility.

2.4.4 Procedure’ Information

Wie reactor is operated by the Army Missile Test td "valuation Nuclear Weap-
ongs Effects Branch, Technical and administrative inquiries should be addressed

to:




o By

Tahle 2-26.

Utilities available at the reactor cell.

[ Utility Description Quantity Location
Electrical outlet | 208 V, 30 A, 3 Inside
3-¢ twist lock
receptacle
Electrical outlet | 125 V, 15 A, 10 Inside
duplex receptacle
Electrical outlet | 208 V, 100 A, 3-¢, 8 Outside
4-pole, Appleton-type
receptacle
Electrical outlet | 125 V, 15 A, duplex 12 Outside
receptacle
Electrical outlet | 440 V, 50 A, 3-¢, 1 Outside
4-pole, Appletun-type
receptacle
Cable conduits 6-in. conduit 9 From reactor cell to
outside ground level
Cable conduits 6-in. conduit 4 From reactor cell to
instrumentation roocm
Compressed air 0.5-in, air lines at 2 Outside
15 c¢fm, 100 psi, with
quick-disconnect
connectors
Communicatirn Intercommunication 4 Outside

L

| system




Table 2-27. Dosimetry equipment and instrumertation for the FBR.

Item Quuntity

400-channel, 4-input pulse-height analyzer 2
y-spectroscopy system using a 3-in. x 3-in. Nal
scintillation crystal 1
Automatic sample-changing, B-counting system 1
Automatic data printout system 1
2-pi gas-flow counting system 1

s Glass-rod microdosimetry system 1
LiF thermoluminescent dosimetry system |
EG&G thermoluminescenl dosimetry system 1
Film dosimetry system 1
Fission and threshold foil counting system with automatic
sample changer Several
Calibration sources Various
4096 -channel pulse-h2ight analyzer 1
Li-drifted Ge solid-state detector 1
Li-6 neutron spectrometer system 1
He-3 neutron spectrometer system 1

Nuclear Effects Directorate
Attention: STEWS-TE-AN
White Sands Missile Range
NM 8800%.

Telephone contact can be made with Mr. A, De La Paz or Mr. L.L. Flores at
{915) 678-1161.

A lead time of approximately 4 weeks is required for scheduling. However, in
advance of a firm scheduling commitment, an experiment test plan must be sub-
mitted and approved.

Cost and charges associated with use of the reactor and facility can be
obtainad directly trom the technical coordinator. The shipping address is:

Transportation Officer

Attention: Nuclear Weapons Effects Division
White Sands Missile Range

New Mexico 88002.




Classified mailing and shipping addresses are to be arrangad through proper
channels on an as-needed hasis.

2.4.5 Applicab:lity and Availability

The FBR is one component of a laboratory whose specific mission is to provide
facilities for U.S. Government agencies or their contractors to conduct experi-
ments that require nuclear irradiation. The reactor is readily available and
amenable to TREE erperiments. The laboratory is capable of carrying out, on a
project basis, complete or partial experimental programs. A full operating staff
is permanently assigned to the facility, although the professional staff is not
extensive. However, scientific and en>ineering personnel from university and
college faculties are avajlable to support experimertal programs.

The facility is located within the confines of the WSMR. Operatiens may
involve considerable commuting distance between available overnight accommoda-
tions ad the site. Arranements for daily transportation must be made by the
experimenter. If th: facility has to be used during other than normal working
hours, such arrangements must be made in advance.

2.4%.6 References

1. "Characteristics of Nuclear Effects Branch Radiation Tarility ard Operational
Procedures," memorandum, Army Missile Test and Evaluation Directorate, March
1966 .

2. Humpherys, K., W. Quam, C. Rainbolt, R. Durkee, and T, Dahlstrom, Nuclear

Radiation Dosimetry Measurcments of the White Stands Missile Range Fast Burst
Reactor, January 1965,
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2.5 WHITE SANDS MISSILE RANGE STEADY-STATE
NEUTRON GENERATOR

2.5.1 Characteristics

The Neutron Generator (SNG) of the Nuclear Weapon Eff:cts Branch (NWEB) is a
Texas Nuclear Corporation Model 9905. It can be used to produce monoencrgetic
neutrons of either 14 or 2.6 MeV by the uvse of tritium or deuterium targets. It
alsc can be used in a pulsed mode.

2.5.2 Jperating Characteristics

Minimum target~to-sample separation is 5 mm., Multiple (5-target) assembly
allows rapid switching to new target and switching between 2.6 and 14 MeV neu-
trons. Typical target life is 5 mA hr. Steady-state mode operating characteris-
tics are:

14 MeV 2.6 MoV
High V 150 kv 150 kv
Beam 1 2 mA 2 mA
Tsotropic output 2 x 1011 n/s 8 » 108 n/s
Useable flux 1.5 x 1010 n/em2/s 6 x 107 n/cm?/s

Pulse mode operating characteristics are:

Pulse width {continuously variable) 1 us to 104 us
Repetition rate (continuously variable) 10 to 107 pps
Residual beam 6 x 1074% of peak
Beam I Up to 1l mA

Output at 1 mA 101 n/s

Useable flux (14 MeV) 7 x 102 n/cm?/s
Useable flux (2.6 MeV) 3 x 107 n/cm?/s

2.5.3 Environment

The SHG can be used for radiation effects testing or as part of a complete
activation analysis system, which includes pneumatic transfer systems, with dial
two-2xis rotator, 400-channel analyzers (RIDL 34-12B and TMC 404), single-channel
analyzers, and a radiochemical laboratory. The SNG also can be used for neutron
radiography, and a photoprocessing laboratory is available.

2.5.4 Support Capabilities

The prime mission of the facility is to support experimenters and, when
availsble, to provide necessary perscnnel and equipment for full aperationai and
working assistance. Facility personnel cperate the SNG. The limited professional
steff, enhanced by scientific and engineering personnel from university and col-
lege faculties, is available to support all experimental programs.

Extensive electronic equipment and support components are maintained for use
by NWEB SNG exparimenters. Instrumentation trailers equipped for monitoring and
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recording experimental data are available on a contractual basis. Adequate
facilities and space are available for the experimenter to utilize his own
instrumentation trailers.

Neutron dosimetry for 14-MeV neutrons (tritium target) is Cu or Al activation
foil. At 2.6 MeV (deuterium target), & activation foils are used. The accuracy
of <the dosimetry is *10Z. Threshold neutron activation foils (Pu, Np, U-235,
U-238, Th, S, Ni, fe, Mg, Al, Mn, Au, Na) are available. For more complete tech-
nical details, see Dosimetry Technical Report 69-1, Fast Neutron Dosimetry for
the 130-kV Te.'as Nuclear Neutron Generator (SNG). This report is available from
NWEB.

Light machine shop facilities, as well as experriment preparation labora-
tories, personnel offices, security storage, and conference rooms, are available
at the facility.

Authorization for photographic support must be obtained from the Missile
Range Administration. Professional photographic support is available at the
facility.

The SNG test cell is approximately 6 m x ¢ m x 6 m high, Signal cables from
the test cel. are strung through underfloor conduits to the instrumentation room
or a screen room (see Figure 2-47).

Cost and charges associated with use of the NWEB SNG and facility can be
obtained directly from the technical coordinator. The shipping address is:

Transportation Officer

White Sands Missile Range

NM 880C2

Attention: Nuclear Weapons Effects Directorate

Classified mailing and shipping addresses must be arranged for through proper
channels, on an as-needed basis.
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Figure 2-47. WSMR neutron generator.
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2.6 SANDIA PULSE REACTOR (SPR-II)

2.6.1 General Characteristics

The SPR-II is an all-metal, unreflected, and unmoderated critical assembly
in the form of a right-circular cylinder, 8 in. in dia. and 8.2 in. high. The
assembly contains a total mass of 105 kg of fully enriched U (93.2% U-235), al-
loyed with i0 w/o Mo. A 1.5-in. dia. "glory hole" extends vertically through the
center of the core, facilltating internal as well as external Irradiation of
small test samples. It is at the m1d lane of the glory hole that the principal
per formance criterion, 1015 a/em > 10 keV) for a maximum yield
burst, is defined.

A thin-walled Al shroud approximately 8.75 in. square and 17 in. high covers
the fuel assembly. The shroud, coated wich B, serves a dual purpose in ducting
forced cooling gas over the fuel system, thereby achieving relatively efficient
cooling; and, second, it diminishes the reactivity contribution of moderating
test samples placed external to the reactor. Cooling reduces the maximum delay
time between bursts to 2 hr.

The reactor is capable of operating in either the pulse mode or at a steady-
state power of up to 5.0 kW for several hours., Steady-state operation is mini-
mized, however, because it produces large fission product inventories 1in the
core.,

Data presented here are from data obtained by Sandia Laboratcries ir an
effort to characterize the output and environment generated by the SPR-11I.

2.6.2 Operating Characteristics

The burst energy release is characterized by the tewmperature rise in the
fuel. A standard SPR-II burst produces about a 350° to 400°C temperature
rise (maximum). Measured characteristics for a typical (300°C) and various
power runs are given in Tables 2-28 and 2-29. Peak power level is approximately
89,000 MW.

Pulse width varies inversely with lurst size; the larger the temperature
excursion, the narrower the pulse. Figure 2-48 shows the relationship between
pulse width and pulse yield. Figure 2-49 depicts 3 different burst profiles, as
measured with a photodiode,

Cooling time is approximately 1 hr, depending upon the size of the operation.
Measured data regarding the tolerable reactivity worth of experimental sam-

ples indicate the following:

1. The protective shroud around the fuel material isolates
the reactor from the experiments placed externsl to the
core.
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Table 2-28.

Neutron fluences.

Neutron Fluerces
Location Operation >10 keV
GH Burst? 7.25 x 1014
GH Power Run (PR)b 1.44 x 1015
6 in. from core Burst 5.92 x 1013
6 in. PR 7.79 x 1013
12 in. Burst 1.39 x 1013
12 in. PR 1.98 x 1013
24 in. Burst 4.74 x 1012
L 24 in. PR 4.88 x 1012
a300°C AT burst
ba.s x 106 W/s power run.

Table 2-29. vy dosed, rad (Hp0).
TLD 200 TLO 100 '
Location Operation (CaFp - Mn) (LiF) Ag3P0q
GH Burst? 1.46 x 10° (1.138 x 10°)¢ o6l x 105
GH Power Run 1 (PR1)® | 2.06 x 10° 2.3 x 10° 2.14 x 10°
GH power Run 2 (PR2)9 | (1.58 x 105)¢ | 2.35 «x 10° 2.3€ x 10°
0 in. from shroud Burst 1.92 x 104 2.13 x 104 1.77 x 104
0 in. PRI 2.35 x 10° 3.08 x 10f 1.97 x 10°
. 0 in. PR2 2.66 x 10° 3.21 x 10° 2.43 x 10°
r 6 in. Burst 3.12 1o§ 5.28 x 10° -
6 in. PRI 3.50 x 10 6.28 x 10° ---
6 in. PR2 a.01 x 10° 6.38 x10° | --
12 in. Burst 1.38 x 10° (5.02 x 10°)¢ -
12 in. PR1 1.49 x 10° 3.69 x 103 =
12 in. PR2 1.53 x 103 2.96 x 10° ==
3oses for PR1 have been multiplied by 3.0 for ease of comparisca.
b300°C AT burst.
€18 kW-min power run.
454 kW-min power run.
2Inconsistent with other data.
} fCorresponds to 1-MeV y fluence of 3.24 x 1014 y/om2,
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2. Samples placed within the glory hole are very strongly
coupled to the reactor. Measurements have been made
regarding the reactivity worth of various sample materi-
als in this position,

An assessment of sample reactivity worth will be made by the reactor staff
for each experiment conducted.

Reactivity insertion rate is approximately $10/s.

Burst frequency is approximately 1 burst/2 hr, depending on the size of the
burst,

2.6.3 Environment

Measurements of the neutrons and ys generated by SPR-II in the glory hole
and around the outside of the reactor are presented here.

Neutron measurements were wmade utilizing threshold foils and fission-couple
detect vs. The results are shown in Figures 2-50 through 2-54 and Table 2-28.
The measurements were made essentially in a free-field condition; i.e., there
were no spectrumperturbing experiments near the reactor during the measurements.
Therefore, the values given should be representative of any free-field location
in the reactor room., Table 2-30 shows the relative uniformity of the fluence at
a position 15 in., from core center as shown in Figures 2-55 and 2-56.

Atsorbed y dose measurements were made with Ag3P0O; glass. The measured
data were corrected for the neutron sensitivity of the glass in the SPR-II spec-
trum and aiso corrected to rad (water) using an assumed Yy energy spectrum. The
results characterizing the SPR-IT Yy environment are presented in Figurzes 2-57
through 2-59 and Table 2-29.

Measurements imply that fluence and dose levels are approximately linear
with fuel temperature rise.

Neutron spectra measurements were made in the glory hole and outside the
core. The results are shown in Figure 2-60 and from foil messurements in Tables
2-3]1 and 2-32.

Recent measurements show the variation of the n/y ratio with position and
types of reactor operation. Measurements were made using S foils to determine
neutron fluence n/cm? (E > 10 keV), and 3 types of y dosimetry were used
to measure the absorbed dose (see Tacles 2-28 and 2-29). Ag3PO; data below
4.4 x 103 rads (at 6 in. and 12 in. from the shroud) could not be resoived.
The TLD 100 values are consistently higher than the TLD 200 (Mn-activated)
values because of neutron activaticn of 6L in the TLD 10C samples. The n/y
ratios are given in Table 2-33. The TLD 200 data and some of the Ag3iPO; 1ata
from this table are shown graphically in Figure 2-61.

Possible sources of error include positioning error of successive dosimetry
packages, shadowing effects, and faulty dosimetry.
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Table 2-30. Relative fluence profile 15 in. from reactor center line.d

Relative Horizontal Location (deg)

Vertical Location 0
{in. from midplane) -9.55 0 +9,55

+6 0.740 0.767 J.741

+3 0.862 0.842 0.897

02 0.964 0.625 0.528

-3 0.922 1.0 0.961

-6 0.867 0.878 0.892

3 juence map is symmetrically located with respect to
two support posts. It should be emphasized that the
geometric volume enclosed by the exposure area and the
reactor center line did not include the support posts.
The flux is attenuated by as much as 40% at a position
directly behind a post.
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Table 2-31. Neutron spectrum at external position 1 in.

above shroud on vertical center line.

Fraction of Neutrons

Threshold Energy (MeV) Above Threshold Energies

Total fast fluence 1.0
0.6 0.685 + 0,055
1.5 0.340 + 0.020
3.0 0.100 + 0.006

Tabie 2-32. Glory hole reutron spectrum.

Fraction of Neutrons

Threshold Energy (MeV) Above Threshold Energies

Total fast fluence 1.0
0.6 0.740 £ 0.75
1.5 0.285 + 0.030
3.0 0.117 £ 0.009

Table 2-33. n/y ratios (109 n/em-y rad (Hp0)).

n/y
TLD 200 TLD 100
Location Operation | (CaFp - Mn) (LiF) (Ag3P04)
GH Burst 4.18 (5.379)4 3.79
GH PR1P 3.09 2.72 2.97
GH PR2C (4.06)2 2.73 2.73
0 in. from shroud Burst 6.51 5.87 7.06
0 in. PR1 5.59 4.29 6.70
0 in. PR2 4,92 4.08 5.39
6 in. Burst 6.44 3.81 .-
6 in. PR1 5.57 3.11 --
6 in. PR2 5.04 3.17 -
12 in, Burst 6.07 (1.62)2 -
12 in. PR1 5.23 2.01 --
12 in. PR2 5.04 2 --

qnconsistent with other data.
b18 kk-min power run.
Cc4 kW-min power run.




7.0 I

- Sulfur and TLD - 200 (CaF, -Mn)
P——g3 Glory hole

o—0 0" from shroud

s——a 6" from shroud

L——0 12" from shroud

Sulfur and Silver Phosphate

B—-8 Glory hole

NN

o o
o o
| |

Neutron to Gamma Ratio, 10%n/cm? - y rad
F-S
)
] L)
-

30

1 | o 1
300° 5 £ <
CAT oF Wt < €
Burs! e Oz

4 o o

Duration of Power Run, kW-min

Figure 2-61. n/y ratios as a function of operation.

At any given experiment location in or around the SPR-IT, the n/y ratio is
higher on a burst operation than on a power run of equivalent n=uiron fluence
because of the delayed Yy dose associated with the extended exposure time
required on a power run. A iong power run at low power results in fewer n/y
than a shert power run at high power (with the total number of kW-min equal in
bth cases) because a smaller fraction of delayed Yy is emitted during the
exposure time of the short power runm.

The n/y ratio on a 1-kW S4-min power run is 21.5 to 24.5% lower than aa
equivslent burst operatici at each location investigated.

The experiment location that provides the highes: r/y ratio is just out-
side the reactor skroud. This location provides a ratic approximately 55X greater
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than in the glory hole. At a position 12 in. from the shroud (on the core mid-
plane), the ratio is 45X greater than in the glory hole.

The experience of the facility operators indicates that RF background noise
poses no serious problem.

An analysis of the errors and uncertainties associated with the resulting
neutron and y data was performed by the Sandia laboratories. This analysis
established that the uncertainties associated with any 1 measurement point are
at worst *12%, This uncertainty is inherent in any spectral and fluence meas-
urements because of contributing factors relating to detector calibratior. and
positioning, cross-section information, signal measurement, and foil counting.
The singnlar and overall uncertainties associated with the reported Sandia data

are typical and representative of the present state of the art.

2.6.4 Support Capabilities

With the exception of radiological and toricological safety services of the
Sandia ILaboratories Dosimetry Counting Laboratory, Sandia personnel should not
be expected to provide scientific, technical, or engineering consulting services
or support to non-Sandia users of the pulse reactor.

The primary service provided by Sandia for the experimenter/user is a nuclear
radiation environment from the pulse reactor. The Sandia technical staff is
available for consulting services only on an occasional and limited basis,
unless special contractual arrangements sre made. If experiments involve radio-
active or toxic substances, a Sandia health physicist is assigned the responsi-
bility of regulating personnel exposures and ensuring that proper handling
procedures are employed.

Utilities available inside the reactor cell include:

1. Compressed air 4 CFM at 100 psi
2. Electrical power 40 kVA, 120 v, 1 ¢
3. Water drain 3-in, gravity flow.

Around the inside periphery of the cell are 9 electrical patch panels. Three
of these are paired with identical panels outside the cell at trailer parking
stations and 4 are connected with panels inside the instrumentation building.
The other 2 are used by reactor vperations. Each of the 7 experiment boxes pro-
vides RG-58B/U coaxial cables, No. 14 signal wires, a ground bus, and an empty
4-in. conduit for the experimenter to pull his own cables when desired.

Near the patch parel at each trailer station, 208-V, 3-¢, 100-A electrical
power is available through an Appleton AEEA-10476 connector. Also, each trailer
station has a 120V, 1-¢, ac supply, terminated in four 3-prong convenience
outlets., Instrumentation cables, which must be provided by the experimenter, may
be laid along the ground betweer the outer patch panel and the recording trailer.
Equipment to be used within the reactor room must be wired for remcte operation
since personnel are not permitted insids the reactor room while the reactor is
running.
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Any cable reaching from the reactor to the patch panel should be at least
20 ft long. Any cable pulled through the patch panel conduit should be at least
45 ft plus the desired length outside the cell.

An instrumentation building located immediately adjacent to the reactor
building houses permanently installed data-pgathering and analysis equipment.
Dual-beam oscilloscopes with automatically actuated cameras, power supplies of
various voltage and current ratings, and several types of amplifiers are avail-
able. Space is also available for the experimenter to set up his own special
equipment. Cables should be 65 ft long to reach from the reactor to the oscillo-
scopes or tape recorder in the instrumentation building.

No screen room is available at the facility; however, provisions can be made
for adequate electrical shielding.

Sandia Laboratories Field Test Organization has located several instrumenta-
tion vans in TA-V to support the reactor facilities. This support capability is
available to perform datu acquisition functions.

Timing triggers for pre-burst and post-burst and signals relative to burst-
peak can be furnished, if required,

Dosimetry data can be provided by the Sandia Laboratories Dosimetry Counting
Laboratory. Standard foil techniques are used for neutron meas rements. (lass-
rod dosimetry is used for y measurements.

Calculational facilities are available at the SPR site. The Sandia Labora-
tories Computational Laboratory, although not normally available to ron-Sandia
users of the SPR, may be utilized on a limited basis by prearrangement. A termi-
nal is available in TA-V which inputs the CDC 6500s and 7600 for unclassified
programs, Various outputs are available.

The TA-V Data Acquisition and Display System (DADS) iz located near the SPR
facility. This system, built around the EMR 6130 digital computer, accepts either
digital or analog inputs from remote consuies. Digital or analog outputs are
available ¢n a CRT display, magnetic tape, or in printed form. The DADS is avail-
able to all SPR experimenters. O(ne of the remote consoles is located at the SPR
facility.

Light machine shop facilities and experiment preparation and setup labora-
tories are available. Limited photographic eguipment 2nd oscilloscope cameras
and film are readily available. Please check with security before bringing photo-

graphic equipment into the area.

2.5.5 Procedural Information

Technical and administrative inquiries related to the use of SPR-II should
be directed to:




Reactor Applications Division
Organization 545]

Sandia Pulsed Reactor Facility

Sandia Laloratories

P.0. Box 5800

Kirtland Air Force Base (East)
Albuquerque, NM 87115

Telephone: (505) 264-2361 or 264-1272

A final plan of experiment must be submitted 4 weeks in advance of antici-
pated use of the facility. The format to follow in submitting this plan is shown
in Figure 2-62. Scheduling of reactor time is not considered until final approuval
of the contract and the plan has been received.

Costs and cnarges associated with use of the facility are documented and
available directly from Sandia Laburatories. The shipping address is:

Supervisor, Organization 5451
Sandia Laboratoriens

P.0. Box 5800

Lirtland Air Force Base (East)
t.1buquerque, NM 87115

2.6.6 Applicability and Availability

The STR-II provides a transient radiation environment readily applicable to
TREE experiments. The facility is available to agencies of the DoD and to private
enterprises having DoE or DoD contracts requiring the use cf the reactor. The
reactor is availcble on the basis of noninterference with Sandia programs. The
reactor facility is located in an isoiated experiuental area 6§ miies south of
the main Sandia Laboratory, making it necessary for experimenters to provide
their own transportation.

2.6.7 Security Clearance

Security clearances are required to gain unescorted access to the SPR facil-
ity. Visitors with a Q-clearance or a DoD Secret clearance with a Reetricted
Dats certification may have unescorted access to the SPR-II. Visitors without
the sbove clearances must be escorted while in the security area. Visitor Centrol
must be contacted to arrange for access to the laboratory.
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Date
TC: J. A. Snyder, 5451 Building 6591 Ext. 264-1272

FROM . Org._ Ext.
(Xesponsible Project Leader)

Other participants

This experiment has been discussed with SPR personnel and the
scheduled dates are:

Title

OCbjective

Security Classification

Procedures

Items to be exposcd (qty., wt., mat ls, dimensions, etc.)

Radiation levels and total number of SPR cperations required

Experimenter Signature

Reviewed and Approved by SPR Supervision

{Date)
Reviewed by Committec

(Dite)
Arrange for Area V access and submit pilun as soon as possible
after scheduled reactor time has been verbally confirmed.

NOTE: EXPERIMENTAL SETUD }OR IRPARJATION, AND RLMOVAIL, WYLL NOT
BE DONE BY CPERATIONS PERSONNEL.

rigure 2-62. Sandia pulse reactor facility experiment plan.
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2.7 LAWRENCE LIVERMORE LABORATORY
SUPER KUKLA PROMPT BURST REACTOR

2.7.1 General Characteristics

Super Kukla is an all-metal unreflected, unmoderated, fast reactor in the
form of a hollow right circular cylinder 30 in. in dia, with a wvariable height
which is nominally 37 in. at critical. The hollow ccre contains a central irradi-
ation cavity 18 in. in dia. and 30 in. high. Samples may be irradiated either
within the cavity or at any of several external positions. The top cylinder may
be closed with a 6-in, chick W plate which both reflects neutrons and supports
an associated samnle container. The reactor contains approximately 4,500 kg of
enriched U (20% U-235) :iloyed to 10 w/o Mo. The reactor was built primarily to
provide a pulsed isotripic fast-neutron source throughout a relatively large
experimental volume. The low U-1235 enrichment and the large core size produce a
proupt neutron lifetime that 7s much longer than for smaller highly U~235
enriched reactors, therefore producing a considerably longer pulse width.

A waximum power burst causes a measured core temperature rise of approxi-
mately 285°C and a peak core temperature rise of approximately 500°C. Due to
limited core cooling capability, the burst repetition rate for bursts producing
a measured core temperature rise in excess of 100°C is limited to 1 burst per
day. However, extensive experimentation is conducted utilizing bursts producing
measured temperature rises less than 100°C, thereby increasing the burst repe-
tition racte.

2.7.2 Operating Characteristics

Maximum burst yield is 5.0 x 10!8 fissions. Maximum burst yields 2.0 x
1015 n/cm?2 (£ > 10 keV) flueace isotropically (radial uniformity #5%)
within the exposure cavity, with 5 x 1018 n/em?/s peak neutron f£lux
(E > 10 keV). Maximum burst yields 2.7 x 105 rad 7 dose in the sample
cavity with ¥7 x 108 rad/s peak vy flux.

The pulse width is burst-yield dependent, rauging from V400 us to several
ns. The corresponding reactor periods may vary from 100 us to wore than 100
ms. Figure 2-63 depicts typical pulse shapes as a function of burec yield.

Maximum measured core temperaturs rise is 285°C for a 5.0 x 1018 burst.
The relationship between total fissions produced and meszsurcd core temparature
rise is linear,

The reactor will accommodate test samples having a reactivicy worth of up to
$$10.00. An assescment of sample reactivity worth will be made by the Lawrence
Livermore Laboratory (LLL) for each experiment conducted. The marimum reactivity
insertion rate is $70/s.

Burst repetition rate is determined by the core tempersture rise. Maximum
burst (285°C AT) repetition rate is 1 burst per day. Pulses of less than
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20°C AT require 90 min between pulses. Predictability of the burst character-
istics is infiuenced by the perturbation of the experimental sample. Accuracy of
the prediction depends on how many pretust pulses can be made with the sample or
a mockup of the sample in the resctor, to experimentally determine the reactcr
burst ! inetics with that sample.

2.7.3 CLnvironment

Because of the perturbing influence of experimental test samples, no quanti-
tative tlux or fluence maps have been generated with samples in the reactor.
Limited measurements with an emptv sample cavity utilizing a U-235 fission probe,
Oy fission foils, and Oy wires hae teen made. Results of these measurewen:s sre
shown in Figures 2-64 and 2-65.

First-order estirates of the flux at an experimental position sre made by
extrapolation of the data in Figure 2-64. Tt is recommended that when grecise
environmental data are required by an experimenter, such measnurements be made
concurrently with the experiment,

The bare reactor n/y ratic is typically 7.4 x 109 n/cm2/rad. The
n/y ratio delivered to the sample can be varied by nsing various neutron mod-
erator and absorber materials in the sample assembly.

Neutror spectra and Y cdose measurements are given in Tables 2-34, 2-35,
and 2-36, and irn Figures 2-646 and 2-67.

The average neutrou encrgy is 0.77 MeV and the median ncutron erergy is 0.45
MeV. The Super Kukla 1-MeV egquivalent neutron factor is 0.58. Pulse widths are
dependent upon the neutron kiuetic characteristics of each reactor sample combi-
nation and upon the burst yield. Figure 2-63 shows typical pulse shapes as a
function of burat yield with the rsactor in a fast kinetics configuration.

All cables are protected with suitable shielcing. The experieace of the
facility operators iadicates thet RF background noise poses nou serious problem
when proper electrical isolation and shielding procedures are used.

2.7.4 Sugrart Capabilities

The staff of the Super Kukla facility at Mercury, Nevade, will operate the
reactor, sssociate? diagnostics system, and DAS,

The available support staff includes LLL's Super Kukla facility group which
is toucerned primarily with experimental operations. The group consiszics of: |
physici. ./auclasr engineer, | mechanical technician, 2 electronics technicians,
and 1 he.'=h physicist,

Iammvdiately adjacent to the reactor bLunker is an electronics relay station
contgining electronic equipment which must b2 close to the machine, yet out of
the irtens: radiaiion field. This station contains the necessary electronic
equiprient tn tranamit low-level signals over the half mile of buried cables to
the control buildirg. The Super Xukla facility has adequate cabling and power.
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AT(max) = 285°C
~5.0 x 1018 FISSIONS
~2.0 x 1015 neutron/cm?

IN SAMPLE CAVITY
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g Figure 2-65. Normalized neutron flux versus location

from axis of reactor.




Table 2-34. Fraliminary Monte Carlo calculations of the
Super ‘.vki. neutron spectrum mace by Lii
utilizing 9= Se-3-Alpha cad (date:
September 1967,

Group Energyv ! rercent
Number (MeV) in Group
[ 1-8 0 - 0.0013 0.0
9 0.0013 - 0.0052 0.31
10 0.0052 - 0.020¢ 0.60
11 0.0209 - (etc.) 1.35
12 0.0471 3.43
13 0.0837 11.39
14 0.1834 21.05
15 0.3349 18.70
16 0.5¢34 15.71
17 0.7536 9.03
18 1.025 4.90
19 1.340 5.26
20 2.093 4.17
r 21 3.015 B 27
22 4.103 1.23
23 5.359 0.43
24 6.783 0.09
25 8.29 0.08
26 10.0 0.02
Note: These data are plotted in Figure 2-66. The median
of this distribution falls in Group 15, with
11.87% above Group 14 and 6.83% below Group 16.
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Table 2-36. Threshold detector results.

Threshold
Neutron
Detector Energy Percent
Material (Eog En > Eg
22 10 keV 100.
Np 0.6 MeV 39.7
: U 1.5 MeV 16.1
3.0 MeV 4.5
Au Thermal neutrons 0.015
Notes: 1. Burst No. 395 on April 27, 1967.
2. W. Quam of Edgerton, Germerhauser,
and Greer, letter of May 10, 1967.
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Figure 2-66. Neutron energy spectrum for the Super Kukla.
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Adequate space and facilities are avaiiable for the use of on-site electronic
trailers/vans. No screen room is available at the facility; however, provisions
can be made for adequate electrical shielding.

Installed signal cables between the reactor bunker and the electronics relay
station include:

200 Belden 8773 (shielded pair)
20 RG/8U (508 coax)

10 RG/7U (1008 coax)

8 RG/22U (125Q twin coax)

60 RG/108U (125Q shielded pair)

In addition, 75 pairs of #18 Cu multiconductor control and power cables are
installed. Conduits are available for installation of special cables supplied by
the experimenter.

IRIG-A time code and pulse generator time markers, in the range of 100 us
to ) s, as well as operational markers, are available.

Only limited dosimetry is available at the Super Kukla site. The usual prac-
tice is for experimenters to p.ovide or ccntract for dosimetry as needed. A
32-channel FM tape system is the prima-y data acquisition unit at the facility.
Normally, 25 chaunels with 20-kHz signal frequency response are available for
experiment data. The remaining channels are reserved for reactor diagnostic and
time-marker data. Cables for additional data chaunels are available for
experimenter-supplied recorders or oscilloscopes. Computational facilities are
not aveilable at the Super Kukla fac:ility.

Light machine shop facilities are available on a limited basis by special
arrangement with LLL. An above-ground "cold" bay, immediately over the reactor
vault, is used for experiment preparation and setup. Additional preparation
laboratories are available on a limited Lasis. Services of the LLL photographic
laboratory at Mercury, Nevada, can be used by special sarrangemert. Polaroid
equipment adaptable to standard oscilloscopes is readily available at the Super
Kukla site.

2.7.5 Procedural Information

The reactor is operated on an intermittent operating schedule by LLL, Uni-
versity of California, Livermore, California. Technical and administrative
inquiries should be addressed to:

Mr. L.R. Peterson

Reactor Facilities

Lawrence Livermore Laboratory
P.O. Box 45

Mercury, NV 89(23

Telephone: (702) 647-5201




The reactor can be used by both government and industry by contractual agreement
with LLL. To facilitate experimental analysis, as well as the setup and finali-
zation of procedures, a lead time of approximately 3 months is recommended. Costs
and charges associated with use of the reactor and facility will be determined
by the Business Services Department, LLL.

Unclassified mail to the facility should be directed to:

Mr. L.R. Peterson, Reactor Facilities
Tawrence Livermore Laboratory

?.0. Box 45

Mercury, NV 89023

The unclassified shipping address is:

Lawrence Livermore Laboratory
Warehouse No. 7

Mercury, NV 89023

Attention: Mr. L.R. Peterson

Classified mailing and shipping addresses should be arranged through proper
channels at the time needed.

2.7.6 Appiicability and Availability

The Super Kukla facility 1is not primarily TREE oriented. However, it is
available for use by special arrangement or in conjunction with the LLL inter-
mittent operating schedule.

The user should be aware that the facility is primarily a DoE installation
and is located at the Nevada Test Site (NTS). Operations there involve ¢ nsider-
able commuting distances between available overnight accommodations in Mercury,
Nevada, or Las Vegas, Nevada, and the Super Kukla site. Arrangements for daily
transportation must be made by the experimenter.

A limited operational and technical professional staff is available at the
Super Kukla site. Technical and administrative control of the facility is located
at Livermore.

2.7.7 References

1. Kloverstrom, F., et al., Revised Safety Analysis Report for the Super Kukla
Prompt Burst Reactor, UCRL-7695, Rev. 1, February &4, 1954,

2. Kloverstrom, F., Operating Characteristics of the Super Kukla Prompt Burst
Reactor, UCRL-70138 (Preprint), 1969.

3. Peterson, L.R., and R.E. Kelley, Super Kukla Op:ru.ting Bxperience 1964-1973,
UCRL-74443 (Preprint), 1973.
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2.8 NORTHROP REACTOR FACILITY

2.8.1 General Characteristics

The Northrop reactor is a TRIGA MARK F. It uses stainless-steel-clad U-ZrH,
fuel elements. The reactor pool is 18 ft long and 10 ft wide, with the core lo-
cated approximately 17 ft below the surface of the water. Irradiations may be
carried out in the pool or in the exposure room located at one end of the pool.
The exposure room is § ft wide, 10 ft long, and 8 ft high, with an access plug
door approximately 6 ft2 opening into the room. A portion of the reactor tank,
called the window, projects into one wall of the exposure room. When the reactor
is positioned in the window, a minimum thickness of approximately 2 in. of water
is between the outer ring of fuel and the exposure-rcom window. The exposure rocm
enables irradiations to be made without using a watertight container.

An Al access tube of 1.25 in. I.D. can be inserted into the E-ring of the
core for in-core irradiations. Experimental devices irradiated around the reactor
core may be encapsulated in watertight containers. For in-pool irradiations, the
reactor may be operated in any position within the pool. At the opposite end of
the pool from the exposure room are 3 horizontal beam ports and 4 pneumatic
transfer tubes. The transfer tubes accommodate polyethylene rabbits in which sam-
ples are encapsulated for fast transfer in and out of the reactor core. The rab-
bits have an I.D. of 0.5 in. and are 3.75 in. long. Total transport time through
the pneumatic tube is less than 1 s.

The reactor may be operated in the pulse mode or at steady-state powers up
to 1| MW. Data presented are primarily associated with the pulse mode. Figure 2-68

illustrates, schematically, the reactor facility.

2.8.2 Operating Characteristics

Characteristics of pulse peak power depend primarily on the reactivity inser-
tion and the fuel loading of the rvesctor cove. Maximum pu'se peak power is 1800
MW. Data available here are for a pulse with a reactivity insertion of 024 units,
giving 2 peak power of 160C MW. Characteristics are:

1. Prompt energy release 16 MW~-s (5 x 1017 fission)
2. Pulse width (FWHM) 10 ms
3. Fluence (D-ring position)

a. Fast (>10 keV) 6.5 x 10 n/cm2

b. Thermal (<0.4 eV) 4.7 x IOM n/cm2

Characteristics of the pulse, including prompt energy release, pulse width
(FWHM), and the initial reaztor period (as well as peak power) depend primarily
on the reactivity insertion and the fuel loading of the reactor core. As a re-
sult, pulse characteristics can be varied over a wide range within the licensed
operating limits cf the facility. Qualitative operating characteristics are shown
in Table 2-37 and Figures 2-69 through 2-71.
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Except for extreme samples (consisting of fuel material), no liumits are ex-
pected on the reactivity worth of test samples placed in the extosure room,

Burst repetition rate is several pulses/hr.
2.8.3 Environment
Neutron and y flux/fluence/dose data are shown in Figures 2-72 through

2-79. Values are given for various locations in the exposure room and in the
core. The curves have been normaiized to a pulse of $2.97 reactivity insertion,

Data regarding time-dependent spectra are not available. Some insight as to
the <pectrum as a function of position can be gained from Figures 2-72 through
2-79. The neutron spectrum as measured in the exposure room is shown in Figure
2-80.
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Typical values of the n/y ratio for various irradiation positions are pre-
sented in Table 2-38. The n/Y ratio in the exposure room can be varied by use
of shielding screens available at the facility. The use of screens to vary the
n/y ratio also affects the value of the available fluence/dose.

It is the experience of the facility operators that RF background noise poses
no serious problem., A significant post-pulse fission product 7y background
exists in the exposure room. This can be reduced drastically by moviag the core
away from the exposure room wall. The Al wall itself becomes activated (half life
2.6 min) and contributes approximately 10 rad/hr into the exposure room.

2.8.4 Support Capabilities

A permanent staff is assigned to the facility to operate the reactor, assist
in setting up experiments, perform dosimetry, and lend general support, as re-
quired. The professional size of the staff is limited, but they are available for
technical consultation.,

Limited electronic equipment can be obtained on a noninterference basis.
Power outlets are conveniently located and include:

1. 480-vV, 3-¢, 60 cycle

2. 120-v, 1-¢, 60 cycle

3. 120/208-V 3-¢ (2-¢ available), 60 cycle
4. 120/208-v, 3-¢, 400 cycle

5. 28-Vdc (unfiltered).

Cables or hoses to experimental devices should be a minimum of 40 ft for
experiments to be performed in the exposure room or in the pool. A screen room
is available at the facility, and the reactor staff has extensive experience in
handling RF ncise and electrical shielding problems.

Reliable trigger and delayed trigger pulses, initiated by an ionization cham-
ber located in the reactor core, are available. Although the chamber primarily
detects the y radiation, experiments have shown that its signal is also a rea-
sonably accurate representation of the neutron pulse. The trigger and delayed
trigger pulses are fast-rise, positive, binary-stap pulses. The trigger pulse is
initiated by the leading edge cf the reactor pulse at a predetermined threshold
above the noise level. The delayed trigger output can be externally adjusted to
rise anywhere from lecs than 1 ms to more than 40 ms after the rise of the trig-
ger output,

2.8.5 Dosimetry

Neutron and Yy dosimetry equipment and services, including special foil
materials, multichannel analyzers, automatic counting systems, and gas flow and
scintillation detector systems, are available. Standard foil materials and tech-
niques are used for neutron dosimetry. Thermoluminescent dosimeters (TLDs) are
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used for Yy dosimetry. Reactor operating personnel can perform or lend assis-
tance in dosimetry measurements.

The Northrop IBM 360-65 computer can be used by special arrangement. In addi-
tion, the reactor facility is iocated near the Control Data Corporation offices,
where a CDC 6600 is available on a contract basis. Also available is a RACS
tie-in to an IBM 260-40.

Within the reactor building is a radiochemical laboratory, a hot cell, and a
complete machine shop capable of constructing special shielding screens and
experimental irradiation jigs. The heavy machine shop of the Northrop Corporate
Laboratories can be used on a contract basis. Experiment preparation and setup
laboratories also are available to the user. Associated with the hot cell is a
2,500-Ci_Co-60 irradiation source capable of producitg a maximum dose rate of
1.4 x 10° rad(air)/hr.

No photographic laboratory is available. However, Northrop has oscilloscope
cameras which may be used.

2.8.6 Procedural Information

Technical and administrative inquiries should be directed to:

Chief, Northrop Reactor

Northrop Research and Technology Center
3401 West Broadway

Hawthorne, CA 90250

Telephone: (213) 970-2297.

The required lead time is dependent upon the type of experiment to be con-
ducted. Routine experiments and irradiations require only nominal advanced
planning.

Costs and charges associated with the use of the facility are documentcd and
available directly from Mr. Ray Turner, telephone (213) 970-2297. Address ship-
mencs to:

Northrop Reactor

Northrop Research and Technology Center
3401 West Broadway

Hawthorne, CA 90250

The Northrop reactor, which is located within the city of Hawthorne, Cali-
fornia, is readily accessible from the surrounding urban area. Tentative sched-
ules csn be established and other preliminary arrangements can be completed by
contacting Mr. Ray Turner.

2.8.7 Reference

1. Faulkenberry, B.H., and D.H. Rusling, Northrop Reactor Facility Technical
Data, Northrop Systems Laboratories, Hawthorne, CA,




2.9 PENNSYLVANIA STATE UNIVERSITY
BREAZEALE NUCLEAR REACTOR

2.9.1 General Characteristics

The Pennsylvania State University thermal TRIGA Mark III Reactor (PSTR) is a
light water-cooled and reflected pool-type reactor, capable of both pulsing and
steady-state operation. The reactor is operated in a weter-filled pool 14.5 ft
wide, 31.5 ft long, and 24 ft deep. The center line of the reactor is located
about 20 ft beneath the surface of the water. The reactor is moveable along the
length of the pool for flexibility of operation,

The reactor ccre has & basic shape of a right hexagonal prism containing 6
fuel elements over side. The fuel moderator elements are made up of a fuel region
approximately 1.4 in. in dia. and 15 ft long. They consist of a ZrH) moderator
homogeneously combined with 202 enriched U fuel. Both 8.5 w/o U containing ap-
proximately 38 gm U-234 per fuel element and 12 w/o U containing approximately
55 gm U-235 per fuel element are in the core. H in the fuel and water is the
moderator.

The reactor is capable of 1,000 kW (thermal) operation with natural convec-
tion cooling and car. be pulsed repetitively and reproducibly at approximately
15-min intervals to yield a turst having a prompt energy rel=ase of up to 24 MW
and a peak of 2,000 MW,

2.9.1.1 Horizontal Beam Tubes

Three beam tubes are in use at the present time: one at the pool center line,
and one on either side at an angle of 45 degrees with the center tube. The inner
section is 6.5 in. in dia. and 3 ft long. The outer section is 7.5 in. in dia.
and 2.5 ft long.

2.9.1.2 Central Thimble

The center thimble in the center of the core provides space for the irradie-
tion of samples at the point of maximum flux. The thimble is an Al tube (with an
I.D. of 1.33 in.) which extends from the reactor bridge through the center of
the reactor core and terminaftes about 15 in. below the bottom of the core.

2.9.1.3 Pnoumatic Tubes

Tvo pneuvmatic transfer systems are availasble to deliver samples to the reac-
tor pool and return them to various laboratories within the building. These sys-
tems provide a convenient means of irradiating selezted samples at the reactor
core either with or without Cd shielding, or in the heavy water thermal column.
The transfer time for either system is about 3 s. The polyethylene rabbits in
vhich samples are eacapsulated have an I.C, of 0.625 in. and are 4.5 in. long.
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2.9.1.4 Pool Irradiations

Experimental devices may be encapsulated in water-tight containers and irra-
diated in and around the reactor core. In addition, 1.25-in. and 3-in. vertical
tubes are available for dry irradiations. A vertical tube is an air-filled Al
tube which extends from the reactor bridge to the bottom of the core. It is usu-
ally placed against the front face of the core.

A "merry-go-round" capable of rotating as many as 24 samples while they are
being irradiated provides a means of simultaneously exposing a large number of
specimens in an identical flux.

2.9.2 Additional Irradiation Facilities
and Services

2.9.2.1 The Cobalt-60 Gamma-Ray Facility

A Yy source composed of 80 sources containing approximately 52 Ci each and
70 sources containing approximately 385 Ci each of Co-60 are available for use
in a water-filled pool (computed for Mav 1, 1978). The pool is 16 ft long by 10
ft wide and 17 ft deep. Several vertical tubes and a bell jar are available to
provide dry irradiation areas., Maximum exposure rate as of May 1, 1978 is 6 x
103 rad/hr. This facility can accommodate a wide range of sample sizes, limited
mainly by the desired exposure rate. Some examples of the more commonly used con-
figurations are:

1. 1l%in. dia. tube with 80 sources (4.6 x 10S rad/hr)

2. 3-in, dia. tube with 15 sources (6 x 10S rad/hr)

3. 6-in, dia. tube with 23 sources (4.9 x 10S rac¢/hr)
The exposure rate is fairly constant over a 3-in. height centered about the ver-
tical center line of the souces that surround the tube.

2.9.2.2 The Cockcroft-Walton Neutron Generator

A neutiron generator, composed of a 150-kV accelerator, control console and
150-kV power supply which has the capability of supplying a 4-pi yield of 2.5 x
1011 n/s (14 MeV) from a deuterium-triton reaction, is available for research.

2.9.2.3 Subcritical Reactor

A subcritical reactor that has 2,000 kg of natural U contained in 1,289 Al
encased slugs and 30,000 lb. of graphite, is capable of being converted into a
graphite sigma pile for training and research. In addition, 1,100 kg of 6.9X
snriched U are available for subcritical experimunmts.

2.9.2.4 Hot Cells

Two hot cells with an interior approximately 7.5 ft wide, 5 ft deep, and 13
€t Lhigh are available for handling radioactive materials. Each cell contains a




lead-glass window, 2 master slave manipulators, and a remotely operated half-ton
hoist. Both cells are designed to handle 100 Ci of Co-60 equivalent radioactive
material,

2.9.3 Operating Characteristics

Operating characteristics of the PSTR are as follows:
1. Power Levels
a. Steaay state pulse
b. 1MW 2,000 MW (peak power)
2. Temperature-time

a. Time tov peak temperature for a $2.75 pulse is approx-
imately 42 ms

b. 8.5 w/o fuel peak temperature is approximately 450°C

c. 12 w/o fuel peak temperature is approximately 480°C.
Maximum allowed excess reactivity of the core is $7. A maximum of $2.86 (2%
Ak/k) reactivity is allowed for experiments. For a $3 pulse, the width of the

pulse at half-maximum is approximately 15 ms. Pulses can be repeated every 15
min at a reproducibility of 10X,

The environment is described in Table 2-39 and Figures 2-81 through 2-85.

2.9.4 Support Capabilities

Several professional and technical support staff personnel are available for
activation analysis, reactor experiments, etc. The Radionuclear Applications
Laboratory provides researchers with services in activation analysis, radiation
counting (including high-resolution Yy-ray spectroscopy), radiography, radio-
isotope production, tracer applications, the desigr of radiation gaging equip-
ment, and other applications involving the uses of radioactive materials.

Services such as 208-V, 3-¢ and 120-V, 1-¢ electrical power are avail-
able. Minimum cabling requirsments are approximately 35 ft. Time signals are
obtained during pulse initiation.

S, Au, In, and Al neutron dosimetry plus Yy-ray dosimetry, active, are
available. Other foil types have been used for neutron dosimetry but are pres-
ently passive.

The Nuclear Engineering facility is svailable to aid in a wide range of
shielding- and reactor-physics-type calculations.

Heavy handling equipment includes a 3-ton capacity overhead crane in the
reactor bay, a 5-ton capacity cverhead crane in the Co-60 facility, and 2 mono-
rail systems with an attached 3-ton crane which scrvices the loading deck and
hot cells. A small machine shop is located within the facility, and electrical
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and electronic repair shops are available. In addition to conventional shop
equipment, heilarc acetylene and electrical welding equipment are available.
The facility also has fume hoods, chemical apparatus, etc., and cameras.

2.9.5 Procedural Information

For additisnal information, contact:

Director

Breazeale Nuclear Reactor Facility
The Pennsylvania State University
-University Park, PA 16802
Telephone: (R14) 865-6351

For scheduling, ailow 1 to 2 weeks lead time.
Cost of the facilities is $110.00/hr for a prime user; for other users the
cost is negotiable. Dosimetry is $55.00/5 points or less. Shipping and handiing

charges are $55.00.

The shipping address is:

Penn State Breazeale Reactor
University Park, PA 16802.

2.9.6 Reference

1. Schmotzer, J.K., "Unfolding Fast Neutron Spectra and Cross Sections in a
TRIGA Reactor," Ph.D. Thesis, The Pennsylvania State University, 1976,
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2.10 GENERAL ATOMIC COMPANY
TRIGA REACTOR FACILITY

The TRIGA reactor facility at General Atomic (GA) has 2 reactors located in
one building: a TRIGA Mark I, and the Advanced TRIGA Prototype Reactor {ATPR).
Each reactor is installed in a separate water-filled tank and each has an inde-
pendent control system which permits simultaneous operation of both. The ATPR and
the Mark I are available for TREE experimentation, and are discussed separately
in the following paragraphs.

2.10.1 General Characteristics -- TRIGA Mark I

The TRIGA Mark I utilizes Al-clad U-ZrH; fuel clements and can be operated
in the pulse mode or at a steady-state power of up to 250 kW. The reactor is lo-
cated in a 6-ft-dia. water-filled circular Al tank with the core approximately
16 ft below the surface nf the water. The core is stationary and is surrounded
by a 12-in. thick graphite reflector. The oper. top of the reactor tank is at
floor level and permits easy access.

Numerous experiment positions in the Mark I reactor allow for samples of
various sizes and shapes. The primary positions are: (1) in-core (wmade available
by removing fuel elements), (2) in, around, and on top of the graphite reflector,
and (3) in the water around the core. At the in-core positions, samples up to 6
in. long and 1.25 in. in dia. can be irradiated in a relatively uniform flux
{<10% variation). If a uniform flux is not required, specimens up to 24 in.
iong may be irradiated.

To provide i dry environment, hollow Al tubes, which extend above the sur-
face, are inserted in the desired position. A pneumatic transfer system may be
used for fast transfer of small samples in and out of the reactor core. Samples
are placed in polyethylene containers 4.5 in. long with 0.68 in. I.D. Travel t.me
from the reactor to the counting room terminus is approximately 3 s. Samples also
may be placed in the reflector regien of the core, either in radiation thimbles
or in the ro.ary specimen rack.

Irradiatior. of specimens in other than the standard positions can be accom—
modated within iimits compatible with reactor operations.

2.10.2 TRIGA Mark I Operating Characteristics

Typical of TRIGA reactors, characteristics of the TRIGA Mar¥ I puise, includ-
ing peak power, prompt energy release, pulse width and the initial reactor per-
iod, depend primariiy on tle reactivity insertion and the fuel loading of the
reactor core. As a result, pulse characteristics can be varied over a wide range
within tle licensed operating limits cf the facility.

Peak pcwer, based on a typical core loading of 70 elements and a rou“ine
reactivity insertion of $3.00, is 1,000 MW. Based on a typical core loading ot
70 elements and a routine reactivity insertion of $3.00, characteristics are:

1. Prompt energy relase 13 MW-s (5.6 x 1017 fissions)
2. Pulse width (FWHM) 16.6 ms
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3. Mix. fluence (B-ring position):

. Bage (I8 kaw) 9.7 x 10" n/cm?

b. Therwal (<0.4 eV 3.2 x 1014 n/cm2

Available qualitative operating characteristics are shown in Figure 2-86.

An assessment of reactivity worth and the associated tolerable limit will be
made by the reactor staff for each experiment conducted. GA assumes a step inser-
tion of reactivity over a period of approximately 0.1 s. The maximum insertion
rate therefore is $30.00/=.

Burst repetition rate is determined by delayed neutron lifetime, not coolant
5 temperature. The maximum insertion rate therefore is $30.00/s. The maximum repe-
tition rate is 10 bursts/hr. However, 10 min beiween bursts is preferred. Burst
characteristics are reproducible to within 5%,

2.10.3 Environment

Quantitative neutron &ad Yy flux/fluence/dose data are available from GA.
Extensive measurements were made by Edgerton, Germerhauser, and Greer of the
neutron and Yy envircnment generated by the Mark I reactor. Supplementary analy-
ses were made by GA. Standard threshold foil techniques were used for thte neu-
tron measurements. Y dose measurements were made using tetrachloroethylenec as
the dosimeter. This organic liquid, upon exposure to radiation, decomposes into
hydrochloric acid. The amount of acid produced is proportional to the y dose
imparted to the tetrachloroethylene. Compensation is made for the slight neutron
response of the liquid.

Detailed data for various in-core positions are given in Table 2-40. Dosime-
try measurements at the core center line in an air-filled tube (4-in. I.D.)
located at the outside edge of the graphite reflector are shown in Table 2-41.
Data for typical reactor operations are given Table 2-42, All data are for a core
loading of 70 fuel elements and a $3.00 reactivity insertion pulse.

Spectrum data, as such, are not available. However, the nzutron fluence data
zre presented in terms of thresholds from which spectral data can be derived.

Typical vzlues of the n/y ratio for various irradiation positions are given
in Table 2-42.

2.10.4 Characteristics of ATPR

The ATPR is similar to a TRIGA Mark III. It utilizes stainless-steel-clad
U-ZrHy fuel elements positioned in concentric rings to form the core. The core
is suspended from a movable bridge in a 10-ft dia. by 25-ft deep water-filled
pit. The size of the pit allows large experimental devices to be placed near the
core, and the open top of the pool permits easy access. The reactor can be oper-
ated in the pulse mode or at a steady-state power level of 1,500 kW. Figures 2-87
and 2-88 show th: reactor and the ATPR facility.
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Table 2-40. Dosimetry values for the TRIGA Mark I reactor (70 fuel elements,
$3.00 reactivity insertion).

n/emé, n/cml-s,
Neutron Fluence for Flyx for
Position Energy n/cml-s-W 18 MW-s Pulse 1,000-MW Pulse

B-ring Thermal 1.8 x 107 3.2 x 1014 1.8 x 1016
(Ep = 1.1 Mev) 510 keV 5.4 x 107 9.7 x 1014 5.4 x 1016
> 0.6 MeV 2.9 x 107 5.2 x 1014 2.9 x 1016
> 1.5 Mev 1.4 x 107 2.5 x 1014 1.4 x 1016
> 3,0 Mev 5.8 x 106 1.0 x 1014 5.8 x 1015
C-ring Thermal 2.5 x 107 4.5 x 1014 2.5 x 1015
(Ep =71.09 Mev) >10  keV 4.9 x 107 8.8 x 1014 4.9 x 10i6
> 0.6 MeV 2.4 x 107 4.3 x 1014 2.4 x 1016
> 1.5 MeV 1.3 x 107 2.3 x 1014 1.3 x lo0l6
> 3.0 MeV 5.2 x 106 9.4 x 1013 5.2 x 1015
D-ring Thermal 2.1 x 107 3.8 x 1014 2.1 x 10i6
(Ep =71.08 MeV) >10  keV 4.2 x 107 7.6 x 1014 4.2 x 1016
> 0.6 MeV 1.9 x 107 3.4 x 1014 1.9 x 1016
> 1.5 MeV 1.1 x 107 2.0 x 1014 1.1 x 1016
> 3.0 MeV 4.4 x 106 7.9 x 1013 4.4 x 1015

Y 1.67 x 10-1 3.0 x 106 1.67 x 108
rad (air)./s-W rad (air) rad (air)/s
L-ring Thermal L7 ¥ 107 3.0 x 1014 1.7 x 1016
(Ep = 1.0 Hev) >10 keV | 3.2 x 107 5.8 x 1014 3.2 x 1016
> 0.€ MeV 1.3 x 107 2.3 x 10:4 1.3 x 1016
> 1.5 MeV 7.8 x 106 1.4 x 1014 7.8 x 1015
> 3.0 MeV 3.2 x 106 5.8 x 1013 3.2 x 1015
F-ring Thermal 1.0 x 107 1.8 « 1014 1.0 x 1016
(Ep = 1.01 Mev) >10  keV 2.1 x 107 3.8 x 1014 2.1 x 1016
> 0.6 MeV 9.1 «x 106 1.6 x 1014 9.1 x 1015
> 1.5 Mev 5.2 x 106 9.4 x 1013 5.2 x 1015
> 3.0 MeV 1.5 x 106 2.7 x 1013 1.5 x 1015

Y 6.1 x 10-2 1.1 x 106 5.1 x 107

rad (air)/s-W| rad (air) rad (air)/s ]

Table 2-41. Dosimetry values for the TRIGA Mark | reactor at core center
iine in air-filled tube at outside edge of graphite reflector
(Enp = 1.22 MeV) (70 fuel elements; $3.00 reactivity insertion).

ri n/cmz, n/cmz-s,
Neutron Fluence for Flux for
f nergy n/cml-s-W 18 Md-s Pulse | 1,000-MW Pulse
Thermal 2.63 x 10° 4.72 x 1013 2.63 x 101f
510 keV 6.8 x10° 1.2 x 1012 6.8 x 100
> 0.6 MeV 2.7 x 10° 2.9 x 101! 2.7 x 1083
> 1.5 MeV 2.0 x 10? 1.6 x 101! 2.0 x 1083
> 3.0 MeV 8.4 x 103 1.5 x 101! 8.4 x 1012
Y 1.6 x 103 2.8 x 104 1.6 x 106
rad (air)/s-U rad (air) rad {air)/s
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Table 2-42. TRIGA Mark I reactor performance fo: 250-kW steady-state and
1,000-MW pulsing operation (experimental dosimetry values for

a typical core loading of 70 fuel elements).

§

1 1000-MW Pulsing Orerat: {
250 kW Steady State Operation Peak Dose Rate
= 4
Volume With Neutrons, n/cmz-s Neutrons, n/amz's
10 Flux
Experiment Variation Fast Thermal ’ rast g
Location (4ia. x length, in.) | (£ - 10 keV) [ (L 0.4 eV) radsP/s [ (£ 10 keV) | (£ 0.4 eV rads®/s
B-ringC 1.25 % 6 1 ¢ oLl 12 5y g - 5.4 x 101% | 1.8 x 101° - 9,
C-ring® 125 % 6 1.2 % 102 1 g3 % 1ot - 2.9 % 100 | 2.5 #10'® -
D-ring 1L RIS TR 1L PSP (ol ISP IR L I TR 7 LA O e
2

E-ring® 128 b 8.0 x 1012 1 4.3 x 1012 -- 22 1 102 | 517 = 1m - ;|
F-ying® 1.25 % 6 5,305 1M || 2asim 1ot |8 6 10t A e ilo e | L 10 (8 el (3.
Pneumatic transfer 0.5 « 3.8% 5.3 v 1002 | 25 w1082 om0t o100 | 1ok 10t 1o« 107 | 3
system terminus in
F-ring
Rotary specimen 40 containers® 1.5 x 102 | 1.8 x 102 [zox10®] 6.0 x16?° | 7.2 x 10!° |16 %167 | 1.
rack
Keactor pool 10 . 11 ? ¥ 15 .6
TR oo f 1.7 x 10 6.6 x 10 0.0 % 187106, 8 % 10 26 % 10 1.6 ® 102 | 1.
Reactor pcol above 11 11 P 14 ) 15 v
et I e g 1.1 x 10 a4 w10 - i.4 x 10 1.5 5 I a- 1K

4Insertion of 2.2
DAssumed to be air

rk/k excess reactivity ($3.00) results in a peak power of 1000 MW,

N varying nunber ¢f fuel element positions in the core grid array may be occupied by

In specimen capsule

€0.8-in. 1.D. x 3.8-in. each

fVo]ume available has 1.7-ft inside radius and 3-ft outside radius. Flux decreases by inverse square law attenuation with distd

a total integrated energy release of 18 *4

experiments

gSpecimen with a diameter of 1 ft or less placed on top of the reflector will receive a fairly uniform flux

h

Fast neutron dose is converted from n/cm2 to radsb by multiplying the n/cm2 vaiue by 2.5 x 10'9 radsb/(n/cmz)

hermal neutron dose is converted from n/cn te radsP by multiplying the n/cm2 value by 3.25 x 1010 radsb/(n/cmz).
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nce for 250-kW steady-state and
xperimental dosimetry valuies for
Fuel elements).

1009-MW Pulsing Cperation?
bii State Operation Peak Dose Rate Dose Yer Pulse
’<v 5 Neutrons, n/cm2~s I Neutrons
Thermal W Fast ) ‘ s Fdsgh Thermal L (€ nqdikevg
b4 eV) rads®/s | (£ - 10 keV) | (L .G eV) rads®/s n/cmé n/cmll rads in/cmé )/ rad
5 4 108 - Al by TR0 | VL% et 9.7 x 108 | 5.2 x 10 ; ==
x 1012 = 2,9 x 10'® | 2.5 x 10'® 8.8 x 101 | 4.5 x 10! ; :-
101 a2 x0t] a2 0108 | 2010 {1 x10® | e x 10 | s 10t | n0x 107 ] 205 x 108
. wl? - 3,2 x 107 | iy x 1078 5.8 « 100% | 3.6 % 16 - -
0% e x10%] 20 x 10" | Lox 10t Jers w0 fnax 10! | rsx10® | L1x10®| 34 10®
« 101? 5 10%] 2.1 x 10" | 1.0x 10 [e.1x10” | 38x 10 | 18 x10™® | 11k 0f | 3.4k 108
2 101 | 220 0 0] Grox 102 | ma2 x 1% J s x 07 | im0 || 18w 10!® | 2.9 x 0P| 8w i
1ot L aos 10%] s x 108 | 26 x 10 |16 k10’ | 12w 10 | a7 w10 | 28w 10t | a3k 10
4 x 101! - 0.4 x 108 | 1.5 x 100° 7.9 x 1012 | 2.5 x 1013 : --

p— -

n 4 peak power

d darray may be

b radius.

0i M0N0 MW,

occupied by

a total integrated energy re ease of 18 MW's, and a puise width of 16.6 ms

experiments

the reflector will rereive a fairly uniform fiux
iplying the n/cm2 value by 2.5 x 1070 radsb/(n/cmz)
pultiplying the n/cm? value by 3.25 x 1010 radsb/(n/cm?).

Flux decreases by inverse square law attenuation with distance from reflector
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Samples wmay be irradiated at in-core positions by removing fuel elem>ants.
Samples up to 6 in. long and 1.25 in. in dia. can be tested in a relatively uni-
form flux (<10% variation). If a uniform flux ic not required, longer specimens
may be irradiated. To provide a dry environment, hollow Al tubes, which extend
above the water surface, are inserted into the desired position. Irradiations
also may be performed in a large part of the pool. The reacter core may be cen~
tered in the pool, making the entire area around the core available, or the
reactor may be moved toward the edge of the pool to permit tte installation of
extra-large devicer. A tube (the "Jj-tube") can be extended from above the water
surface to the reactor core., The J-tube provides fast and convenient access to
the edge of the core for samples cf medium size. Figure 2-89 depicts the J-tube
position relative to the reactor core.

2.10.5 ATPR Test Parameters

Typical of TRICA resactors, characteristics of the ATPR pulse, including peak
power, prompt ercrgy release, pulse width, and the initial reactor period, depend
primarily on the reactivity insertion and the fuel loading of the reactor core.
As a result, pulse characteristics can be varied over a wide range withir the
licensed operating limits of the facility.

The ATPR has been safely subjected to reactivity insertions of up to $5.00.
Reactivity insertions for typical operating pulses are between $4.00 and $4.60.
Normal core loading is 94 to 100 fuel elements. Peak power is 6,400 MW for a
typical burst (100 fuel elements and a reactivity inseition of $4.60). Character-
istics of a typical burst (100 fuel elements and a reactivity insertion of $4.60)
are:

l. Prompt energy release 43 MW-s (1.3 x 1018 fissions)
2. Pulse width (FWHM) 6.3 ms
3. Max fluence (B-ring position)

a, Fast (>10 keV) 9.5 x 1015 n/cm2

b. Thermal (<0.4 eV) 1.2 x 101> n/cn?

Nperating characteristics averaged over many experimental measurements are
shown in iigure 2-90.

Ar assessment of reactivity worth and the associated tolerable limit will be
made by the reactor staff for each experiment conducted. A step insertion of
reactivity over a period of 0.1 s is assumed. The waximum insertion rate there-
fore is $50.00/s.

Burst repetition rate i3 determined by delayed neutror lifetimes, not by
ccolant temperature. The maximum repetition ratz is 10 bursts/hr. Howev=zr, 10 min
between bursts is preferred. Burst cheracteristics are reproducible to within
tsz.
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2.10.6 Environment

Quantitative neutron and y flux/fluence/dose data are available from GA.
Extensive measurements were made by Edgerton, Germerhauser, and Greer of the
neutron and Yy envircnuwent: generated by the ATPR. Supplemental analyses were
made by GA. Standard threshold foil techniques were uvsed for the neutron measure-
ments. Y dJose measurements were made using tetrachloroethylene as the dosim-
eter. The measurements were made at in-core positions and inside the J-tnube.
Dosimetry data fer the air-filled J-tube are given in Table 2-43.

In-core data (Table 2-44) were taken at the core center line and normalized
to doses in air. Figure 2-91 depicts the neutron flux distribution in the verti-
cal plane.

Data for the ATPR are given in Table 2-/5 for a $4.60 reactivity insertion
and a core loading of 94 fuel elements. Fizure 2-92 gives the y dose in water

along the core center line.

2.10.7 Support Capabilities

The TRIGA facility staff consists of nuclear physicists, chemists, and engi-
neers competent in all phases of TREE experimentatio.:.

Members of the professional staff are available fur consultation on any phase
of a program as well as on specific technical research problems. They can provide
guidance in the preparation of =:xperimental programs or can handle programs in
their entirety.

A limited amount and type of electronic equipment is maintained by the facil-
ity and may be used by experimenters when available. It is recommended that spe-
cific equipment required by the experimenter be nrovided either from his own
laboratory or on a rental basis from local suppliers. There is ample space for
setting up tert and recording equipment and for accommodating ‘nstrumentation

Table 2-43. Air-filled J-tube dosimetry data (En = 0.79 Mev).

n/cm?, n/cml-s,
Neutron Fluence for Filux for
Energy n/cm2-g-W 18 MW-s Pulse | 1,000 "W Pulse
510 keV 3.0 x 10° 1.2 x 101 1.4 x 1016
> 0.6 MeV 1.7 x 10° 6.8 x 1013 8.1 x 10%°
> 1.5 MeV 1.0 x 10° 2.0 x 1013 4.8 x 10%°
> 3.0 MeV 2.0 x 10° 8.0 x 1012 9.6 x 1016
Y 1.4 x 10-2 5.6 x 105 6.7 x 107
rad (air)/s-W| rad  air) rad (air)/s




Table 2-44. In-core dosimetry values for the ATPR ($4.00 reactivity
insertion and 100 fuel elements).

n/cmé n/cm3-s,
Neutron Fluence for Flux for n/y
Position Energy n/cml-s-) 40-MW~-s Pulse | 4,300-MW Puise | (n/cm2)/rad (air)
B-Ring Thermal 2.9 x 107 1.2 x 1015 1.4 x 1017
(Ep = 0.97 MeV) | 510  kev 2.2 x 107 8.8 x 1014 1.1 x 1017 3.4 x 108
> 0.6 MeV 1.2 x 107 4.8 x 1014 5.8 x 1016
> 1.5 MeV 6.9 x 106 2.8 x 1014 3.3 x 1016
> 3.0 MeV 2.5 x 106 1.0 x 1014 1.2 x 016
Y 6.6 x 102 2.6 x 106 3.2 x 108
rad (air)/s-W| rad (air) rad (air}/s
C-Ring Thermal 2.3 x 107 9.2 » 1014 1.1 x 10!7
(Ey = 1.00 MeV) | >i0  keV 2.1 x 107 2.4 x 1014 1.0 x 107 3.8 x 108
> 0.6 MeV 1.2 x 107 4.8 x 1014 5.7 x 1016
> 1.5 MeV 6.2 x 10 2.5 x 1014 3.0 x :016
L > 3.0 MeV 2.3 x 106 9.2 x 10!3 1.1 x 1016
¥ 5.5 x 102 2.2 x 106 2.6 x 108
rad (air)/s-W| rad {air) rad (air}/s
D-Ring Thermal 2.0 x 107 8.0 x 1014 9.6 x 1018
(En = 0.98 MeV) | 510  kev 1.8 x 107 7.2 x 1014 8.6 x 1016 4.0 » 108
> 0.6 MeV 9.8 x 106 3.9 x 1014 4.7 x 1036
Gold R~g = 4.28 | > 1.5 MeV 5.3 x 106 2.2 x 1014 2.5 x 1016
> 3.0 Mev 2.0 x 106 8.0 x 1013 9.6 x 1015
Y 4.4 x 10-2 1.8 x 106 2.1 x 108
rad {air)/s-W | rad (air) rad (air)/s
E-Ring Thermal 1.7 x 107 6.8 x 1014 8.1 x 1016
(En = 1.1 Mev) | >19  keV 1.3 x 107 5.2 x 1014 6.2 x 1018 4.0 x 108
> 0.6 MeV 7.4 x 106 3.0 x 1014 3.5 x 1016
Gold Reg = 5.31 | > 1.5 Mev 3.0 x 106 1.6 x 1014 1.9 x 1016
> 3.0 NeV 1.5 x 106 6.0 x 1013 7.2 x 1015
Y 3.3 x 10-2 1.3 x 106 1.6 x 10°
rad (air)/s-W| rad (air) rad (air)/s
E-Ring Thermal 1.5 x 107 6.0 x 1014 7.2 x 1016
(En = 0.98 MeV) | >10 kev | 8.1 x 106 3.2 x lol4 3.8 x 1016 3.6 x 108
> 0.6 MgV 4.5 x 106 1.8 x 1014 2.2 x 1016
> 1.5 MeV 2.3 x 106 9.2 x 1713 1.1 x 1016
> 3.0 MeV 8.6 x 105 3.4 x 1013 4,1 x 1016
Y 2.2 x 10°2 .8 x 105 1.0 x 108
rad (air)/s-W| rad {air) rad (air)/s
G-Ring Tnermal 1.6 x 107 6.4 » 1014 7.7 x 1016
(Ep = 1 58 MeV) | >10  keV 4.4 x 106 1.8 x 1014 2.1 x 1016 3.2 x 108
> 0.6 MeV 2.5 x 106 1.0 x 1014 1.2 x 1016
> 1.5 MeV 1.2 x 106 4.8 x 1013 5.7 x 1015
> 3.0 Mev 5.2 x 105 2.6 x 1013 2.5 x 1018
Y 1.4 x 102 5.6 x 105 6.7 x 107
rad (afr)/s-¥ | rad (air) rad (air)/s

Wy
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Table 2-45. Advanced TRIGA prototype reactor performance for 1.5-MW steady-
state and 6,400-MW pulsing operation (experimental dosimetry
values for a typical core loading of 94 fuel elements).

§,80¢
1.5-MW Steady-State Qperation Peak Dose Rate
Volume With Neutrons, n/cmz-s Neutrons, n/cmz-s
<10% Flux
Experimental Variation Fast Therma? Y Fast Thermal Y
Location (dia. x length, in.) | (E » 10 keV) | (E < 0.4 eV) radsb/s (E > 10 keV) | (E < 0.4 eV) radsb/s (£
B-ring® 1.25 x 6 .3x 108 | aax10 [ o9x10® | nax10t? | 1ax10Y | a2x108] 9.
C-ringS 1.25 x 6 3.2x108 | 3.5x108% |83x10* | 1.3x10Y i 1.5 x 107 | 3.5 x 108 | 5.1
D-ring® 1.25 x 6 2.8x 1003 [ 3.0x108 |e6x10* | 12x10 | 13x107 | 2.8x108] 7
E-ring® 1.25 x 6 2.0x 1013 | 275100 [s5.0x10® | 83x10% | 1.0 x10Y7 | 2.0 x 108 5.6
F-ring® 1.25 x 6 Lzx1o!d | 2.3 x108? [3.3x10° | 5.2x10® | 9.6 x10"® | 1.0 x16%] 3.:
G-ring® 1.25 x 6 6.6x107 | 2.4 x 108 [2.1x10" | 2.8x10® | 1.ox16! | 9.0x107 | 1.
J-tube 5  x 10 1.5 41012 | 2.ax108 |2.0x10% | s x10® | toxiot? | e.0x 107 1.
Reactor pool, f s.2x 107 | 15x108 | L3x1c® | 1.8x10® | s.ax10® | 5.6 k107 1.2
outside core shroud

a1nsertion of 3.22% ak/k excess reactivity results in a peak power of 6,400 MW, a total integrated energy release of 43 Mi-s, and a
bAssumed to be air

A varying number of fuel element positicns in the core grid urray may be occupied by experiments

he annular volume between the core shroud and the pool tank (10-ft dia.) is available for bulk experiments. Fluxes are given for
€Fast neutron dose is converted from n/cm2 to rads by multiplying the n/cm2 value by 2.5 x !0'9 rads (air)/(n/cmz)

e
fIhermal neutron dose is converted from n/cm” to rads by multiplying the n/cm2 value by 3.2¢ x 10710 rag- (air)/(n/cmz)
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te for 1.5-MW steady-
rimental dosime*ry
b1 elements).

cupied by experiments

s available for bulk experiments.
value by 2.5 x 10" rads (air)/(n/en®)

2 value by 3.24 x 10710 rags (air)/(n/cmz)

Fluxes are given for a position next to the shroud

i 6,400-M Pulsing Operation®
igp Peak Dose Rate Dose Per Pulse
Neutrons, n/cmz-s Neutrons, n/cmz-s | n/y

o Fact Thermal Y Fast Thermal® Y n/cmz/radsb radspuigl
hasb/s {E > 10 keV) | {E < 0.4 eV) | radsP/s {{E > 10 keV) | (E < 0.4 eV) radsb >10 keV rads” (y)
ox10' | nax10t | nox1ot? | az2x10®|esx10™ | r2x10¥ [2.ex10f| 3ax10®| o8
3x10% | 1.3x10t [ 1sx10Y | 35x108 | 9.0x10" | 9.9x10!® |24x10%| 3.7x108]| 0.9
6x 10 | 1.2x10 | 1.3x10Y | 2.8x108] 7.7 x 10" | 8.6 x 108 | 1.9 x 105 4.0 x 108 1.0
ox10" | 83x108 | 1ax10t | 2ax10® ) sex 10! ] 23 x10M | 14k 108 4.0x 108 1.0
3x108 | 5.2x10 | 9.6x10® [ 1.ax 108 35010 | 65 x 10! [ 95x10°| 37x10®8| 0.9
1x16 | 2.8x10% | 1ox10Y | 9.0x107 ] 1.9x10" [ ssx10! [60x10°| 32x108| 0.8
110 | 1.9x10® | 1ox10Y | 90x107 | n3x10t | 6.9x 10" | 6.0x10°] 2.2 x 10 0.55
3x10® | 1.8x10% | 6.ax10" [ s6xic’ | r2x10M | a3x10® [37x10°] 3.2x108| 0.8
MW, a total integrated energy release of 47 Md-s, and a pulse width at half naximum of 6.3 ms
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vehicles and trailers. Power outlets are located throughout the facility. No
screen room is available, but experience has shown that RF noise poses no serious
problem. Provisions can be made for adequate electrical shielding.

Operxsting timing signals are available.

The TRIGA facility does not provide dosimetry services but will assist in
making subcontracting arrangem:nts.

There is no computer in the reactor building; however, contract arrangements
may be made for use of the GA Univac 1108. A light machine shop is available at
the facility; GA's heavy machine shop may be used by arrangemenc. On-site office
space and experiment preparation laboratories are available.

2.10.8 Procedural Information

Inquiries related to the use of the TRIGA facility should be directed to:

General Atomic Coapany
TRIGA Reactor Facility
P.0. Box 81608

San Diego, CA 92138
Telephone: (714) 455-3277
Attn: Mr. J.R. Shoptaugh

A maximum lead time of approximately 3 weeks is required. Costs of using the
TRIGA re. tors can be obtained directly frow GA.

The shipping address is:

General Atomic Company
TRIGA Reactor Farility

10955 John Jay Hopkins Drive
San Diego, CA 92121

The facility is located just a few miles north of San Diego, Californis.
Commuting distances are minimal,

2.10.9 PReferences

1. Coffer, C.0., Flux Values for the Advanced TRIGA Prototype and TRIGA Mark I
Reactors, Gulf General Atomic Report, GA-6206, Rev., March [5, 1966.

2. TRIGA Bxperimental and Irradiation Pacilities for Research and Levelopment,
Gulf General Atcmic Report, GA-1695, Rev. 5, Nov. 1, 1966,
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2.11 SANDIA LABORATCRIES ANNULAR CORE
PULSE REACTOR (ACPR)

2.11.1 General Characteristics

The ACPR was originally a TRIGA-type reactor; however, it has been recently
upgraded to provide improved pulse and steady-state performance (as discussed be-
low). The reactor went cricical in April 1978. It is water-cooled and woderated,
and fueled with BeO/UC; elcments arranged in a close-packed lattice. The fuel
is enriched to 351 U-235 with 21.5 w/o of U05. The height of the core fuel is
52.2 cm with a fuel element dia. of 3.75 cm. The moust prominent feature of the
facility 1s a large 23-cm-dia. dry irradiation cavity within the center of the
core, The facility alsc incorporates a large neutron radiography facility exter-
nal to the core, which is also available to experimentars for irradiation of
large items. Samples to be irradiated in the cavity are nurmally placed within
an irradiation container that is 30-cm high and has an I.D. of 20 cm. If an ex-
periment specimen is longer than 30 cm, the upper and lower reflector plugse may
be removed. From the horizontal center line of the core to the bottom of the ex-
perimental cavity is 117 cm,-There is no limitation on the length of experimental
sauples above the core. Specimens with dia. larger than 23 cm may be irradisted
in the radiography facility or outside the reactor core at reduced fluences.

The core structure is located at the bottom of a 3.05-m-dia., 8.50-m-deep
stainless-steel water-filled tank. The top of the core is 7.0 m below the surface
of the water,

A vide variety of experiment locations may be improvised, and the reactor may
be operated in either the steady-state or pulse modes. However, the ACPR is pri-
marily intended to accommodate experiments in the central cavity and operate in
the pulse mode, and data presented here are associated primarily with these comn-
ditions., If the experimenter requires special conditions, necessary arrangements
can be made.

Figure 2-93 shows the reactor building floor plan.

The ACPR is owned by the Department of Energy (DoE) and is operated by Sandia
Laboratories in Albuquerque, New Mexico. The reactor is located in Building 6588,
Technical Area V of Kirtland (East) Air Force Base. The ACPR is used in a contin-
uing program of fundamental and applied research ir radiation effects. Its design
is such that a wide veriety of experiments can be accommodated.

The main feature of the reactor is the 23-cm-dia. dry-experiment cavity,
which occupies the center region of the reactor core. In this large hexagonal
cavity, experiaents can be e=xposed to a neutron fluence in excess of 8 x 10 5
n/ca® in a single pulse. Access to the central irradiation cavity is provided
by a vertical loading tube and an offset loading tube which join together in a
"Y" fitting adout 2.4 m above the core. Both tubes are fabricated from 25-cma-1.D.
stainless-steel pipes. The inside of the pipe provides adequate clearance for
passage of an exverimeut 23 cm in dia. tarough the curved sections. About 30 cm
above the core, a transition occurs in the pipe. The cylindrical tube is con-
verted into a hexagonal tube to match the pattern of the fuel elements. Thus, the
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Figure 2-93. Floor plan of Building 6588.

thickness of water between the inner rov of fue! elements and the cavity is kept
uniformly small to maximize the fast flux.

A facility for post-irradiation experiment storage is located in the upper
section of the off.et louding tube. This section consists of &4 stainless-steel
tubas 25 cm in dia. sxtanded downward approximately 5 m from the upper section
of the offset loading tube. Experiments may be stored in this section until suf-
ficient radioactive decay has talken place to allow convenient hand’ing and rc-
moval. The storage section provides space to store several experiments at a depth
of wore than 6.5 m below the water level. Shielding within the storage section is
provided by lead plugs which can be located over the storage positions.

The fuel in the ACPR is a BeO-U0, sintercd ceramic composite material. The
fuel is contained in a ribbed Nb liner and sealed in a 0.5-mm-thick stainless-
steel cladding. The ribs of the Nb liner maintain inert-gas-filled insulating
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gaps between the fuel and the liner and between the liner and the cladding. The
fuel elements are 3.75 cm in dia. and have 2n overall length of 73 cm.

The fuel elements are arranged on a triangular spacing grid to form a hexago-
nal pattern of fuel surrounding the experiment tube. The operational core loading
of the reactor comprises 210 to 220 fuel elements, 6 fuel-followed contrcl rods,
2 fuel-followed safety rods, and 3 adjustable transient rods. Reflector elements
of Ni are used to decouple the core from the surrounding water. With this core
size, the energy released for a reactivity insertion of $2.70 is about 400 MW-s,
with a reactor period of 2.2 ms. Under these conditions, the fuel reaches a maxi-
mun adiabatic temperature of 1,400°C.

The principal safety feature of the ACPR reactor is the large prompt negative
temperature coefficient of reactivity. This temperature coefficient arises pri-
marily from Doppler absorption in the U-238 resonances and decreased scattering
in the BeO matrix resulting from the heating of the fuel material., The coeffi-
cient is prompt because the U-235 is intimately mixed with the U-238 and the BeO;
thus, the fuel and Be0 temperatures rise simultaneously,

In addition to the inherent prompt shutdown process, rertain protective fea-
tutes are built into the reactor control system and plant protection syst~m that
will automatically limit the power and cemperature levels at which the reactor
can be operated or which will prevent operation if certain conditions have nut
been met. These protective features consist of scrauws, trips, and alarms which
are preset to alarm and/or shutdown the reactor if prescribed limits are ap-
proached or exceeded. The scrams and alarms vary with the mnde of operation.

The control system permits the operator to manipulate, monitor, and control
the reactor. The primary couponents of the control system are the nuclear chan-
nels and the regulating rod drive circuits which permit manual and automatic
actuation of the control-rod drives, safety-rod drives, and the transient-rod
system, guided by information received trom the nuclear instrumentation.

The regulating system has 2 operating regimes: steady-state, and pulse. In
the stecady-state regime, there are 2 operating modes: steady-state, and positive
period. In the pulse regime, there are 5 operating modes: normal pulse, multiple
pulse, -epetitive pulse, reduced tail pulse, and continuous transient-rod bank
vithdrawal. Pulse modes permit the reactor power to increase on periods less then
the period at prompt critical. Additional modes of operation have been provided
for in the design of thz console. With additional hardware a:nd sctety analyses,
these modes will be available. Included are pulse from high steady-state pc-er
and high-power, square-wave operation.

Six mo*. .-driven control rods govern the reactor power during deleyed criti-
cal operz . ms. The control rods are fuel-foll rser-iype rods, wherein the reac-
tivity effect of removing the poison as the rod is witndrawn is augmented by the
simultaneous insertion of the fuel-follower <asction. These control rods pass
tiivough and are guided by hola2s in the top aad bottom grid plates. Two wmotor-
driven safety rods are used as safety features and also to reduce the system re-
activity ie the pre-pulse period.
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The adjustable transient rods on the ACPR are actuated by an electro-pneu-
matic system. Th2 mechanical-drive system permits the transient rods to be used
in the steady-state mode as well as in the pulse mode of operation. In the pulse
rocde, the adjustable drive systems are utilized to adjust reactivity so that any
size pulse may be fired, starting with the transient rods in a banked mode.

2.11.2 Operating Characteristics

All of the results presented in this section are calculated results, or re-
sults derived from the fuels testing program or early operational data.

2.11.3 Power Level and Enerqy Release

Peak-pulse power depends primarily on the reactivi:y insertion. Typical pulse
characteristics are as follows:

1. Reactivity in-ertion $2.95

2. Peak power 29,500 MW

3. Pulse width (FWHM) 6.5 ms

4, Reactor period 1.7 ms

5. Fluence, cavity
a, Fast (>10 keV) 2.7 x 10%° n/cm2
b. All energies 6.3 x le'5 n/cm2
c. Y dose 3.3 mrad (azo)

6. Maximum fuel tcmperature 1,400°C

7. Energy release 400 MW-s

8. Mcximum reactivity insertion rate >$50/s

Characteristics of steady-state operation are:

1. Power 2.0 MW

2. Flux, cavity
a. Fast (>10 keV) 2.3 x 1013 n/cmz-s
b. All energies 3.9 x 1013 n/cmz-s
c. Y dose rate 2.2 x 104 rad/s

Figures 2-94 and 2-95 show the peak reactor power and the total pulse energy
release ¢s a function of reactivity insertion.

2.11.4 Energy Release

Characteristics of the pulse, including prompt enargy release, pulse width
(FWHM), the "tail" energy, and the peak power, depend primarily upon the reactiv-
ity insertion. As a result, pulse characteristics can be varied over a wide range
within the technical specifications of the facility.
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Figures 2-96 through 2-99 summarize these various pulse characteristics.
Figures 2-100 and 2-101 give the fuel temperatures as a function of pulse and
steady-state oparation.

2.11.5 Pvlse-Repetition Rate and Pulse Predictability

Pulse-repetition rate is determined by the repeatability required between the
first pulse and subsequeut pulses. If the experiment can tolerate a $2.70 first
pulse, then the repetition rate can be set for the experimenter's particular re-
quirements.

Pulses may be generated as rapidly as every 4 min but at reduced fluence,
power, etc. levels. Pulses are predictable to within 5X.

2.11.6 Multiple Pulse Mode

The multiple pulse mode produces 2 or 3 pulses in rapid succession by se-
quencing the withdrawal of the 3 transient rods. Any combination of rods and tim-
ing may be used to achieve the desired fluence and time dependence. The rods may
be fired separately or 2 rods may be fired at the same time as a first or second
pulse. Figures 2-102 and 2-103 give the power profile and reactor yield for the
triple pulse.

2.11,7 Transient Rod Runout Mode

The transient rod runout mode provides the capability to produce high reactor
powers over a period of several s. The transient rods are with:ilrawr using the
electro-mechanical drives instead of the pneumatic system. The withdrawal can be
pre-programmed to insert the resctivity in a variety of sequences. Figure 2-104
gives the power history for 1 transient rod withdrawal sequence and Figiure 2-105
gives the reactor yieid for the sequence.

2.11.8 Tolerable Reactivity Worth of Experimental Sample

The maximum available excess reactivity is $12.00. Experimonts must be se-
cured if the reactivity worth of the experiment is more negati-e than $2.70.
There i: no limitation on reactivity worth of secured experiments. Movable sxper-
iments or experiments with movable parts are limited such that combined insertion
of experiment and transient rods is less than $2.70.

An assessment of sample reactivity worth and the associated tolerable limit
will be made by the reactor staff for each experiment conducted.

2.11.9 Environment
2.11.9.1 Neutron Fluence

Neutrou fluence data are quantitatively presented in Figure 2-106. The
calculations are frce-field, i.e., unperturbea by experiments, etc. The fluence

and flux profiles in the cavity for the fast and thermal ccmponents of the
spectrum are given in Pigures 2-1C7 and 2-108.
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Figure 2-100. Maximum fuel temperature occurrin? in
pulse versus core energy release (rods
held out or rnds reinserted).
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2.11.9.2 Neutron tnergy Spectra

Figure 2-109 shows the integral free-field cavity fluence for all neutron en-
ergies. Figures 2-110 and 2-111 give the calculated energy group fractions and
the flux per unit energy.
2.11.9.3 Gamma Fluence

No calculations have been made on the Yy yield at this time. However, it is
estimated that the y doce will be approximately the same, or slightly less
than, the old ACPR (see Figure 2-112 for Yy dose data on the old reactnr).
2.11.9.4 Background Radiation Doses

Background radiation doses vary from about 1 to 10 rad, depending on core
history prior to the experiment rur and the length of time the experiment is in

the experiment cavity.

2.11.10 Special Capabilities

2.11.10.1 Radiography Facility

The neutron’ radiography facility is primarily used for nondestructive testing’

and evaluation of various components, including components containing or composed
of high explosives. It is located on the north side of the core and consists of
an experiment chamber at core level, a tube with a collimator to bring the neu-
trons to a stage at the top of the reactor tank, and the support plate and blast
shield.

The basic 'esign provides a collimated beam of thermal neutrons such that the
flux over the irradiation area is constant. Other features incorporated in the
design are the provision for a large irradiation space near the reactor core, and
control of the environment insife the tube. The facility is independent of the
reactor with respect to mechanical, electri:~!, snd pneumatic functions. All me-
chanical hardware, such as the vertical tube and upper blast shield, are designed
and tested to assure isolation of the reactcr safety components from any mal-
function of the facility or experiment. It is derigned to withstand accidental
detonation of an explosive component. The operatinz limit for the radiography fa-
cility is 250 g HE. A safety factor of 4 on material ultimate strain was utilized
to determine the operating limit for the facility. The total HE load limit for
the High Bay is 500 g HE.

The experiment chamber is constructed of Al plate and has a dry central area
with a square cross-sectional area 37.5 cm on a side. From the core horizontal
center line to the bottcm of the chamber is 46.5 cm. There is no restriction in
the upward direction.

The radiography tube is constructed c{ stainless-steel plate with rib stiff-
eners. It has 3 sections for ease in fabrication rud astewbly. A collimator as-
sembly fits down in the radiography tube end has neutron and y shielding in
the form of Cd, Gd, BN, polyethylena, and Pb. A remotely controlled rotatable
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Figure 2-112. Cavity y dose versus pulse energy release.

cylinder with different size apertures is used to select the desired collimator
ratio and to block the neutrons when the system is not in use. The radiography
tube is supported by 2 I-beams attached to the tank wall and the transient rod
support bridge.

A 2.54-cm-thick st=el plate supports the blast shield. The blast shield is
constructed of steel plates and I-beams and incorporates a layer of borated poly-
ethylene and a layer of Pt for neutron and Yy shieiding. The blast shield is ap-
proximately 90 cm on a side and covers the upper end of the radiography t:be and
the stage.

The experiment chamber is cquipped with the necessary piping to purge the
cavity portion of the experiient chamber to prevent buildup of Ar-41. The experi-
ment chamber exhaust line is connected into the Ar purge system which discharges
through a pre-filter, 2 absolute HEPA filters and 2 charcoal filters. The radiog-
raphy tube is designed to be flooded, gas filled, or evacuated.

The Nondestructive Testing Division is responsible for pertorming the explo-
sive handling and setup and the film cassette handling and development. To have
radiography performed by the ACPR, contact the Nondestructive Testing Division
directly end they will perform a safety analysis and schedule the reactor for the
required time,
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Table 2-46 provides some of the facility specifications. Note that the fluxes
are related to a power level of 300 kW which was for the old ACPR. The new ACPR
will operate at a power level of 2 MW. So for an approximate value oi ''-xes, use
a factor of 6 for the new reactor. This may tend to give a slightly greater flux
than will be measured because the core size has changed significantly and the ex-
periment chamber is somewhat further from the core and has the Ni reflector be-
tween it and the fuel elements.

Table 2-46. ACPR radiography facility specifications.
Collimator Ratio (L/D)
65/1 150/1 250/1 500/1
Neutron Beam Flux -

Power 300 kW (n/cm?-s) 1.3 x i07 ! 2.7 x 106 | 1.1 x 100 | 2.7 x 10°
n/y Ratio (n/cm-mr) 1.6 x 106 | 1.3 x 106 | 1.3 x 106 | 9.3 x 105
Exposure Port Dia. (cm) 15.25 26.4 26.4 26.4
Exposure Area (cm?) 180 548 548 548
Cd Ratio 15 >15 >15 >15
Resolution for 2.54 cm Object

to Film Detector Plane
Distance (mm) 0.381 0.170 0.102 0.051
Exposure Time for Single-

Coated R Film - Density 3
Background (min) w4 v60 v90 +300
Notes: 1. A1l values are for He-filled tube.

2. Exposure time is for %-mii Gd converter screen.

2.11.10.2 Flexo-Rabbit System

The Flexo-Rabbit system provides a valuable sample delivery facility for the
ACPR without requiring any structural modifications. Samples 2.06 cm in dia. by
5.84-cm long can be contained in molded polyethylene shuttle capsules. Flexibil-
ity of the system is provided by the design of the irradiation end which car be
placed at various locatiors in the reactor core. Typical applications include
neutron activation analysis, study of shovt-lived isotopes, and exposure of small
samples requiring high fluxes of thermal neutrons.

Gas pressure from a standard N gas cylinder operates the Flexo-Rabbit's shut-
tle capsule. N is preferred over air to prevent the buildup of Ar-41. As a gen-
eral rule, there is no radioactivity in the N exhaust gas. However, the exhaust
gas is dumped into the Ar purge system and exhausted through the filter banks.
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The use of gas pressure results in much faster transfer of samples than can
be obtained by using a vacuum system for the propelling force. A gas regulator
with a large orifice is used to maximize the gas flow and thus minimize the sam-
ple transfer time. Under the normal operating pressure of 25 psi, the capsule
will travel the 12.2 m from the core to the receiver in about 500 ms. Travel tiwme
will vary according to gas pressure, sample weight, and direction of the capsule.

Three basic components make up the Flexo-Rabbit system: the irradiation end
piece, the tubing svstem, and the control unit., These components are described in
the following sectioas.

The 4.57-m-long irradiation end piece is Al throughout. The lower end of the
unit has the basic configuration of a fuel element and will fit directly into any
fuel element position in the core grid plate with the irradiation end normally
located in core position 253. In this location, the fast neutron flux ratio of
cavity to rabbit is between 1.60 and 1.70, depending on the control rod position-
ing. Internal stops assure that the sample is positioned at the core center line.
Pb weights encased in Al tubes above the core are used to overcome buoyancy ef-
fects. An offset of 15.24 cm in the irradiation end piece prevents direct radia-
tion streaming from the core. The upper end of the unit is joined to the flexible
tubing system. Two interconnected flexible tubes, a sample loader, and a dropout
receiver make up the tubing system. The larger of the fiexiblc tubes (2.86 cm
I.D.) carries tke shuttle capsule, while the smaller tube supplies and exhausts
the driving gas. Normally, the tubing system is about 12.2-m long, bux it can be
lengthened to extend the distance from the reactor area to the handling area.
Since the irradiation end extends about 4 m above the core before the transition
is made from Al to polyethylene, the flexible tubing should not experience any
radiation damage. The sample-loading end of the tubing system terminates in a
quick-opening loader, which is mounted to a Pb brick so that the top can be
opened with one hand. This loader also lends itself to operation by tongs or a
remote manipulator.

Returning from the irradiation end, the sample enters the receiver which is
ecspeciaily useful for working with short-lived isotopes. This receiver permits
the shuttle capsule to drop out of a tube, thus providing rapid access upon re-
turn from irradiation. To minimize the shock of the shuttle capsile returning at
high speed, an air cushion has been incorporated into the dropout unit. This per-
mits the sample to slow up momentarily upon its return and then drop out of the
receiver under its own weight. Shock to the returning shuttle capsule can be min-
imized by the air rushion unit if desired, or the sp2ed of the return can be
maximized if preferred. The air-cushion and dronout time are controlled by a
N-operated valve located on the receiver. Valve operating pressure is about 50
psi. The shuttle capsule normally drops into a large volume box which has a
shielding equivalent of 7.6 cm of Pb. Approval of the Ervironmental Health Group
is required before the capsules czcrn be removed from this box.

With the exception o¢f loading the sample, selecting the exposure period, nxc-
tivating the start switch, and recovering the sample from the dropout unit, the
operation of the Flexo-Rabbit system is fully autometic. Interruption of the au-
tomatic cycle at any time to return the capsule may be accomplished by a switch
on the control unit. Manual operation is similar to automatic operation except
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the length of the irradiation period is controlled manually rather than by the
timer.

Three signal outputs are available from the comnectors at the control unit:
(1) the start of the irradiation time, (2) the end of the irradiation pericd, and
(3) the arrival of the sample at the receiver. These signals may be used to per-
form various functions, as might be required.

2.11.11 Support Capabilities

With the exception of radiological and toxicological safety and services of
the Sandia Laboratories Dosimetry Counting Laboratory, Sandia personnel should
not be expected to provide scientific, technical, or engineering consulting ser-
vices oy support to non-Sandia users of the ACPR facility.

2.11.11.1 Staff

A permanent operating staff is assigned to the ACPR. These personnel are
available to assist the experimenter in determining and establishing the correct
experiment setup.

The Sandia technical staff, which is competent in all phases of radiation ef-
fects, including TREE, is available only for consulting services on an occasional
and limited basis unless contractual arrangements are made for special services.
If special staff or manpower assistance is required, arrangements for these
should be included in centractual negotiations.

2.11.11,2 FElectronics

Monitoring equipment for ACPR experiments is normaily providad by the user. A
limited number of oscilloscopes and visicorders are presently available in the
reactor high bay. Sandia Laboratories field test organization has located several
instrumentation vans in Techrical Area-V (TA-V) to support the reactor facili-
ties., This support capability is available to perform data acquisition functions.
However, experiments should not rely cn the availability of Sandia equipment un-
less prior arrangements have heen made.

Outlets for 110-v, 1-¢, and 220-V, 3-¢ ac power are located throughout
the building. Space is provided for an .nstrumentation trailer if one is required
by the experimerter: however, the experimenter must provide his own trailer. Two
Appleton 100-A, 220-V, 3-¢ female connectors are installed to provide electri-
cal power to the trailer location. Power cables should not be less than 30 ft in
length and should terminate in a compatible Appleton connector.

2.11.11.3 Timing Signals
Precise 12-V step-timing signals of from O to | s from the reactor electcical

timer can be furnished, in increments of 1 ms, prior to the pulse. Other timing
requirement2 must be arranged for through prior consultation.
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2.11.11.4 Dosimetry

The Sandia Laboratories Dosimetry Counting Laboratory is available for use by
all ACPR experimenters. Standard threshold foil techniques are used for neutron
fluence measurements. Gamma measurements are made using CaFy Thermoluminescent
Dosimetry (TLD). Sandia Lsboratories will provide detectors for all users and the
Counting Laboratory will evaluate results. However, the experimenter has the op-
tion of performing his own dosimetry.

2.11.11.5 Computational Facilities

Calculational facilities are available at the ACPR site. The Sandia Laborato-
ries Computational Laboratory, although not normally available to non-Sandia
users of the ACPR, may be utilized on a limited basis by prearrangement. A termi-
nal s available in TA-V which inputs the CDC 6600's and the 7600 for unclassi-
fied programs, Various outputs are available.

The TA-V Data Acquisition and Display System (DADS) is located near the ACPR
facility. This system, built around the EMR 6130 digital computer, accepts either
digital cr analog inputs from remote consoles. Digital or analog outputs are
available on a CRT display, magnetic tape, or in printed form. The DADS i3 avail-
able to all ACPR experimenters. One of the remote consoles is located at the ACPR
facility.

2.11.11.6 Shop Facilities
Light machine shop facilities are available at the site.
2.11.11.7 Experiment Preparation Laboratories

The ACPR high-bay area contains floor space of approximately 20 ft x 20 ft
immediately adjacen: to the reactor pool for experimenter's equipment.

2.11.11.8 Photographic Equipment and Materials
Experimenters normally are required o provide their own photographic equip-
ment and materirsl, Cameras are included, however, with all available Sandia os-

cilloscopes. Pleas: check with Security before bringing photographic equipment
into the area.

2.11.12 Procedural Information

Services of the ACPR facility are available to agencies of the DoE, DoD, and
private corporations having DoZ or DoD contracts. ACPR availability is on a basis
of non-interference with DoE prcgrams. Technical and administrative inquiries re-
lated to use of the ACPR should be directed to:

Supervisor

Sandia Laboratories

Reactor Applications Division 5451
P.0. Box 5300
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Kirtland Air Force Base (East)
Albuquerque, NM 87115
Telephone: (505) 264-3304 or 8991

2.11.12.1 Scheduling

An experiment-request form (Figure 2-113) must be submitted several weeks in
advance. The scheduling of reactor time is not considered until after the experi-
ment-request form is received and final approval of the contract is given.

Ordinarily, experiment plans should be sufficiently detailed to allow effects
of the specimen on the reactor characteristics to be determined. However, care
should be tzken to ensure that the experiment plan contains no classified infor-
mation.

2.11.12,2 Cost Information

Costs and charges associated with the use of the ACPR have been established
and are available directly from the Reactor Applications Division.

2.11.12.3 Shipping Address

Shipmencs should be directed to:

Supervisor

Sandia Laboratories

Division 5451

P.0. Box 5800

Kirtland Air Force Base (East)
Albuquerque, NM 87115

2.11.12 Applicability and Availability

The ACPR facility provides a trsnsient radiation environment readily applica-
ble to TREE experiments. The facility is available to authorized users on the
basis of non-interference with Sandia programs. A competent operating and super-
visory staff is permanently assigned to the facility. The technical staff of San-
dia Laboratories is conpetent in all phases of TREE research and experimentation.
The experimenter should be aware, however, that this steff does not provide rou-
tine assistance to non-Sandia users of the facility.

The ACPR is located in TA-V, which is an isclated experiment ar=s 6 mi south
of the main Sardia Laboratory, making it necessary for experimenters Lo provide
their own daily transportation.

2.11.,14 Security Clearance

Security clearances are required tu gain unescorted access to the ACPR facil-
ity. Visitors vith a Q-clearance or a DoD Secret clearance with a Restricted Data
certification may have unescorted access to the ACPR. Visitors without the above
clearances must be escorted while in the security sarea. Visitor Control must be
contacted *c arrange for access to the laboratorv,
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ANNULAR CORE PULSE REACTOR

EXPERIMENT PLAN
(Cozplete both aidea)

To: ACPR Control
Div. 5451
Ext. 264-8991
Froam: Project Leader
Org. Case No.
Ext. _ Part No.

Title of Experiment:

Uausual Requirement:

Nunber of pulses desired and exposure level:

Date experiment to dbe irradiated: Security Classification:

Dimeasions, maxiazum overall:

Doaimetry Required: (. ) Neutron (___ ) Ganma
Coopositioa of sanple {(major eleseuta): Nzaa: -
Solid ( )  Liquid ( )
Is Liquid: Coopletely contained? ( ) Yes ( ) No
Uastable ic say way? ( ) Yes ) Mo

Approx. meiting point: °c

Ia the test itea or its ssscciated test gear a aafety bazard? i.e., Doea test item contais toxie
¢ [materials, fissile materisla, explosive materis) or large eneryy storage devices, or highly flammadle
material? (__ _) Yes ( ) K If answer is Yes, complete other side.

DOSIMETRY DATA
Date Requested svt Rua Neusros GCamma

Experimeet Approval:

Operatinas Nealtd Physics Coomittee

*NOTE: Must De saswered.

1
1

Figure 2-113. Experiment request plan.
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TEST ITEM CONTAINS,
1. Highlv flemmable material ( _) Yea

Toxic materfal ( ) Yea ( ) No

( ) No Katerial

Saterisl

Pu239 U233 nuzber of grans

2
3. Fiaaile oateris} U233
4

. lbotercal electrical power sourcea

Specify: (voltage and capacitaacia)

S. High ioteroal preasure

Specity: Pressure

Voluze Gaa

6. Explosive Device name and number

A. Type:
Purpose
Primer or IP
Booster
Base charge
P rotechoic
Proprllant
Total charge
B. Bridge-wire informstion:
Doee test item contsis

Is bridge-wire shorted

Explosive Grams Remarks

1]

a bridge-vire? ( y Yes (____) No

and grousded to case? (___ ) Yea ( ) Neo

Nomisal bridge-wire resistance: ohms
Current ia arperes Mo fire Al}l fire
Powe. is wstits No fire All fire
C. laitistioa sessitivity:
. Ststic Spsrk Shock
D. Quantities: Buildieg 6588 ACPR *
Nunber to be cxposed togetber (Total Charge: )
7. Commast —
8. PRequeeter Sigeature Org. Date yu—

Appravals:
938}

3513
5431

*Usually Bldg. 6388 ACPR will
oaly be vsed for soa-deetructiv:
testing sad short tise atorayge
of radiosctive test iteme.

Requaster Profect Leader

Apyrapriste Reactor Committee

Figure 2-113. (continued).
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2.12 STATE UNIVERSITY OF NEW YORK
AT BUFFALO REACTOR

2.12.1 Characteristics

.

The Nuclear Science & Technology Facility Reactor is a 2-MW, open-tank-type
reactor built by AMF Atomics. The present core went critical on June 22, 1964.
Fuel is 6% enriched U0, clad with zircaloy. A fuel element consists of a bun-
dle of 25 fuel pins in a 5 x 5 array. The minimum critical configuration consists
of 16 elements in a 4 x 4 array. A more typical core would consist of 22 elements
conteining a total of 320 kg of UO,. Control is attained with 5 blade-type con-
trol rcds and 1 pulse rod. Moderation and cooling is provided by light water.
Core reflection may consist of light water, graphite, aluminum, or a combination
of these.

The core is fixed in the center of ar approximately 7-ft-dia. tank. The upper
hal{ of the tank widens to apjproximately 7 x 14 ft, Distance from grid plate to
top of tank is about 26.5 ft. Two sides of the core are utilized by beam tubes
and pneumatic conveyors, A third side is used by the thermal column. The remain-
ing side has a voidable tank which couples the core to the dry exposure chamber,

2.12.1.1 Beam Tubes

Five beam tubes ave available. Four 6-in. tubes occupy the north face of the
core. The south face has one 6-in. tuba. The tubes are at vacious elevations with
respect to the grid plate. The tubes have two steps which increase their size at
the outer end to facilitate shielding. The tubes terminate at the outer face of
the concrete reactor shield. The total length of the tubes is about 9.5 ft. When
not in use, the tubes are sealed with Al cans filled with concrete, a Pb plug,
and the remaining space is filled with water. Permanent plumbing provides for
venting, filling, and draining of the beam tubes. Ncrmally, no attempt is made to
circulate or otherwise contrcl the atmosphere in the beam tubes. Experiments to
be placed in a ber= tube should be at least 0.25-in. less than the nominal size
of the tube to ensure passage. If it is necessary to bring wires or other leads
out of the tube, special shielding is required. Slotted plugs are available for
the &~1n, tubes, which will accommodate a l-in.-dia. bundle. Also useful is ¢ Pb
shutter that can be hung on the wall over the beam tube. The sliutter can be
raiced vertically and provides 3.5 in. of Pb shielding. A cask is gvailable for
either experiment transfer or tube shielding purposes. The cask is mounted on a
wheeled dolly. It has an inside volume of 12 in. x 12 in. x 13 in. Zdeep. It pro-
vides 3 in. of Pb except for the rear wall which has 3.5 in. Additional shielding
can be made from Pb bricks, concrete blocks, or high-density aggregate.

2.12.1.2 Thermal Column

A horizontal thermal columr occupies the west ace of the core. It is cen-
tered and sywmetrical about this face. A S-in.-vide water gap exists between the
core and the end of the column. Between the water gap and the tank wall is a
graphite-filled pyramidal frustum 2 ft x 3 in. thick. Outside the 0.5-in.-thick
Al tank wall there is a & ft x & ft x 5 ft-deep cavity filled with graphite bars
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and surrounded by an Al liner and high-density concrete. A space 23-in. deep is
available behind the graphite for locating samples. Access to the column is ob-
tained by removing a 52.5-in.-thick, high-density concrete plug which is motor
driven on rails. Four of the graphite bars are removable. The removsble bars are
in 2 pieces. If the outer piece is removed, a cavity 2-ft deep is created. If
both sections are removed, a cavity extends to the reactor tank. Each bar is 4
inZ. The graphite can be entirely removed from the outer section of the col-
umn., This gives a higher flux but at the expense of fast-to-slow ratio and in-
creased y dose. Table 2-47 gives some quantita*ive data.

Electrical and other leads are easily brought out through the shield, eitner
by not closing the plug tightly and coming out underneath the plug, or by using
ports in the plug and auxiliary shielding.

Table 2-47. Thermal column fluxes.

Flux
Position (n/cme/s)
Outer face center 1.47 x 107
Outer face center backed
with 4 in. of paraffin 5.68 x 107
2 ft into coliwmn backed
with graphite stringer 8.77 x 108
At tank wall backed with -
graphite stringer 3.15 x 10:0
Tube 1.75 x 109
Conditiors:
Reactiur Power at 2 MW
Loading Number 23
May, 196%
Co Foil Detector
Pb vy shield removed from pool

2.12.1.3 Pneumatic Conveyor

The pneimatic system is uvsed to position small samples at the side of the
core. The "rabbit" is made of molded polyethylene and has screw-on end caps. The
‘nside volume is a cylinder 1.25 in. in dia. x 6 in. long. Tvo systems share a
cormon blowzr, Conveyor XNumba:- ! has its sending ctation between Ladbora:ories 103
and 104 on the Yy deck. The Pb-shielded return bor is also located between the
laboratories with & door opening into each laborarory. Both laboratories have
fumr hoods at che return box for proper handling of the sample. Conveyor Number 2
has its operating station againat the tank shield near Laboratory 104 on the y
seck. Again, the retura box is shielded and is in a fume hood. Conveyor Number 1
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terminates at the north face of the core :'d Corveyor Humber 2 terminates at the
south face. The irradiation position is about 3 in. from the core and is abou:
the mid plane. Rabbits are dispatched by push-button and can be returned either
manually or by use of a preset timer. Two timers are availsble; oze has a range
of 0 to 20 min, snd the other has a range of 0 to 5 hr. Return time for a rabbit
is less than 3 s for System Number 1 and less than 5 s for System Number 2. Be-
cause of radiation damage to the rabbit, single irradiations are normally kept to
less than 4 hr. Samples used in a rabbit should be encapsulated. The encapsula-
tion could be a polyethylere bottle, a polyethylene sealed bag, or a quartz am-
poule. Unless padded, a sample receives severe mechanical shock at the core and
receiving stations. Figure 2-114 and Table 2-48 give some thermal neutron and 7y
flux data for the rabbit tubes.

2.12.1.4 Fission Plate

A fission plate 13-in., long x 13~in., high x 0.5-in. thick is available for
use in the thermal column or square hbeam tube. It contains 1,040 g of 89.82% en-
riched U encapsulated in Al.

The conversion ratio of incident thermal flux to emitted fast flux is approx-
inately 1 to 1. The plate is useful in experiments that require a fast flux of
known spectral characteristics. Because the plate can be used only at the outer
face of the thermal column, only rather low thermal fluxes are available to drive
184

2.12.1.5 Reactor Pulse Characteristics

The Pulstar reactor has the ability to pulse as well as operate at high
steady-state levels. This feature is provided by a pulse rod and associated in-
strumentation systems. Pulsing is p.2sently done using a 20-element core in a 4
x 5 array. The maximum pulse permissible has a peak power of 2,000 MW axd an
energy release of approximately 35 MW-s. Pulse width at half height is approx-
imately 15 ms; the lower the peak power, the wider the pulse. Total energy
released is, therefore, not proportional to peak pcwer. The maximum pulse repeti-
tion rate is 3/hr,

Yluence in 3 pulse can be estimated from the pulse en~rgy released and the
kniwn steady-state flux in the position of interest. Experiments can be exposed
in any of the normally available facilities, except those located within the
core.

2.12.2 Applicability and Availability

The facility is [rimarily a steady-state reactor. The reactor could be set up
for pulsing if the need were snfficiently great. Address inquiries to:

Philip M. Orlosky

Cperations Manager

State University of New York at Buffalo
Rotary Road

Buffalo, NY 14214

Telephone: (716) 831-2326
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Table 2-48. Thermal neutron and y fluxes in the fast
rabbit tubes.

Neutron Gamma

Tube (x 1012 ny) (x 107 R/hr)
1 2.96 1.90

2 1.15 1.00

3 2.15 1.43

4 3.24 1.79

5 1.07 1.18

6 1.71 1.43
Power: 2 x 106 watts

Loading: 66-G-4-A

Date: June 24, 1968

Pair combinations: 1-4, 2-5, 3-6 |
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2.13 AFRRI REACTOP. FACILITY

2.13.1 Characteristics

The AFRRI-TRICA is a TRIGA MARK F thermal research veacter installed in 1962
with its original Al-clad fuel. In 1965, stainless-steel-clad fuel was installed,
and that core is still in use today. The core consists of 84 TRIGA standard ele-
ments and 4 TRIGA-instrumented e’ements, each containing 3 chromelalumel thermo-~
couples. The fuel material is 8.5 w/o U in ZrHy, with U maximum enriched to a
nominal 20%.

The experimental facilities consist o 2 large exposure rooms, a pneumatic
transfer system for irradiation of small samples with a capability to direct the
irradiated samples to the hot cell fcr remote manipulation, and some facilities
for in-pool irradiations.

2.13.2 Test Parameters

The TRIGA MARK F can operate at z steady-state power level of 1 MW for ex-
tended periods of time, or can be pulsed tc provide short bursts of radiation for
experimental use, The maximum pulse allowed is $3,28 from a steady-state power
levei less than 1 kW, with the total power not to exceed 33 MW-s. However, in
practicality, the maximum pulse which can be obtained is about $2.90, which pro-
vides a rise to 1,800 MW, with a FWHM of about 10 ms. Pulses are geunerally initi-
ated from a power level of 15 W for consistency, and are generally reproducible
within several percent. Depending on the size of the pulse, it takes from 20 min
to 1 hr to get set up for another pulse.

2.13.3 Support Capabilities

The reactor facility staff consiots of only operations personnel. All support
activities such as health physics and dosimetry are consolidated, and support the
entire institute. Their services are available to support work at the reactor
with prior scheduling and coordination.

2.13.4 Procedural Information

More information can be obtained by contacting Lieutenant Cclonel Edwin T.
Still at (202) 295-0227. For technical information, contact Captain Rorald E.
Schaffer at (202) 295-1290. At least 1 month is required to schedule a new exper-
iment, but after the experiment has been approved, a lead time nf 1 week is gen-
evally sufficient. The cost of the reactor is $88.00/hr plus an additional 202
for dosimetry support. The address is:

AFRRI

Building 42

NNMC

Bethesda, MD 20014
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2.14 UNIVERSITY OF WISCONSIN TRIGA
NUCLEAR REACTOR FACILITY

2.14,1 Characteristics

This is a U-ZrHp fueled TRIGA-type thermal reactor immersed in a pool with
four 6-in. beam ports, thermal column, and in-pool irradiation facilities.

2.14.2 Test Parameters

Test parameters are as follows:
1. 1,000 kW steady state; pulses of up to 900 MW (12.2 MW-s).

f 2. Excess reactivity is 3.8% AK/K; maximum pulse reactivity
is 1.4% AK/K,

3. 3.8-ms initial period, 15-ms FWHM.
4. Capable of approximately 4 highly reproducible pulses/hr.

2.14.3 Support Capabilities

Typical University Research Reactor staffing and facilities are available.
Contact R.J. Cashwell, ileactor Supervisor.
The operating schedule is very flexible. The price list is as follows:
1. Irradiations
a. Preumatic tube $ 66.00/hr (Minimum $5.00)
b. Whale and porpoise tubes $ 60.00/hr (Minimum $15.00)

c¢. Irradiations outside core box,
including beamport use and

thermal column $ 55.00/hr (Minimum $12.00)
1 2. Use
a. Exclusive use $119.00/kr
b. For more than 8 hr $ 95.00/hr
3. Use of Equipment
a. Single-counting channel $ 3.60/hr
b. TN-11 multichannel analyzer
and sample changer $ 5.00/hr
4, Services
a. Reactor staff $ 10.25/nr
i b. Senior operator $ 15.80/hr
4 5. Expendable materials At Laboratory cost
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The shipping address is:

141 Mechanical Engineering Bldg.
University of Wisconsir
Madison, WI 53706
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2.15 U.C. TRVINE DEPARTMENT OF
CHEMISTRY TRIGA REACTOR

2.15.1 General Characteristics

No current utilization as a burst facility other than for NAA. The U.C. Ir-
vine TRIGA, MARK I, is a 250-kVW steady-state reactor. Fuel used is U-235, 20%
enriched. Moderator is ZrHj 7/Hy0/graphite. Immediate test environment is a
water pool (20-ft underwater, access only from top) with dry tubes.

2.15.2 Operating Characteristics

Power level(s) (total fission output/burst) is 1,000 MW peak/15 MW-s pulse;
the FWHM is 11 ms. Available reactivity is up to $3.00. The reactivity insertion
rate period is about 3 ms. The repetition rate is 6/hr, with good reproduci-
bility.

2.15.3 Support Capabilities

Timing signals are available from pulse fire circuit aad rod sensors.

One ion chamber, some calculational capabilities, machine and electronic shop
facilities within the School of Physical Sciences, and very limited experiment
preparation laboratories are available. Photographic equipment and materials are
not available,

2.15.4 Procedural Information

For technical and administrative information, contact:

Dr. George E. Miller
Supervisor

Department. of Chemistry
U.C. Irvine

Irvine, CA 92717

Scheduling (lead time) is several months for special experiments. Cnst is ne-
gotiable. The shipping address is:

Department of Chemistry
U.C. Irvine
Irvine, CA 92717
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2.16 WASHINGTON STATE UNIVERSITY REACTOR

The Washington State University (WSU) Nuclear Radiation Center research reac-
tor is a swimming-pool-type reactor originally constructed in 1961 by the General
Electric Company for operation at 100 kW thermal power using MTR-type fuel ele-
ments. In 1967, the reactor was converted to allow use of TRIGA-type fuel (U-
ZrHy) of 20% enrichment. At that time, the power lev2l was increased to 1 MW
and the addition of an electro-pneumatic transient control element allowed puls-
ing operations of up to $3.15 inserted reactivity.

In 1976, additional instrumentation and control systems were ndded to allow
the use of FLIP-type TRIGA fuel (70% enriched, contairing 1.5% Er). At present,
the core loading consists of 110 fuel rods in 4-rod clusters of which 35 are FLIP
rods and 75 are TRIGA-Standard rods. Pulsing capability after conversion to mixed
core was reduced to $2.00 insertions, limiting the average peak power during
pulsing to approximately 625 MW,

The experimental program to date has revolved around radioisotope production
and beam-type experiments. Pulsing activities have been limited to engineering
laboratory studies on pulse characteristics and parameters, test and demonstra-
tion pulses, and one short-term experiment involving neutron detector develop-
ment. Normal reactor operation is 8 hr/day, 3 days/week.

2.16.1 Characteristics

The WSU TRIGA Reactor characteristics are as follows:

1. Power
a. Steady state 1 MW
b. Pulsed 2,000 MW ($2.50 pulse)

2. Reactor Core

a., Geometry and composition Lattice of fuel-moderator ele-
ments, graphite reflector ele-
ments, and control blades in a
rectangular grid box, all in

water
b. Grid box dimensions 26 in. x 30 in.
¢. Grid arrangement 7-element x 9-element array
d. Active lattice height 15 in,
e. Fuel-moderator composition 8.5 w/o U, 89.9 w/o Zr, and 1.6

w/o H for standard fuel; 8.5 w/o
U, 1.5 w/o Er; 1.6 w/o ¥  and
88.4 w/o Zr for FLIP-type fuel

f. Fuel enrichment 20X U-235 for standard; 70% U-
235 for FLIP

g. Fuel elexent construction 4-rod cluster element

o
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h. Fuel rod dia. 1.41 in.

i. Fuel H/Zr atom ratio 1.7 to 1 for standard; 1.6 to 1
for FLIP
j. Metal-to-water ratio Approximately 0.5
k. Fuel rod cladding 0.02-in. Type 304 stainless
steel
1. U-235/fuel rod 35 g for standard; 123 g for
FLIP
m. Fuel rod cluster (:vlement)
length 37-1/8 in.
3 n. Critical mass (cold clean) 3.2 Kg for standard
o. Core loading for $7 excess
K (standard TRIGA cnly) 103 fuel rods, 26 elements, 3.6
Kg U-235
p. Neutron source Sb-Ee
q. Reflector (vertical) Graphite cylinder 3.5-in. loag
on each end of fuel rods plus
water
r. Reflector (horizental) Graphite bars 3 1n, x 3 in. in
water

3. Nuclesr Parameters

a. Neutron flux/Y (axial

average position D-3) 6.85 x 106 nv/W
b, Minimum shutdown margin $0.50
¢. Prompt neutron lifetime 28 us
. d. Effective delayed neutron
L fraction 0.0070
e. Void coefficient -$1.42 x 10_2/2 void

f. Prompt temperature coeffi-
cient (65X cell ichomoge-
neity, 15X Doppler effect,

202 core leakage) -$1.36 x 10”2/°C
J 4. Pulsing Parameters {maximum allowable)
a. Reactivity insertiocn $2.00
b. Fuel temperiture in instru-
mented fuel rod 500°C
c. Power level to start
pulse 2 kW

5. Core Parameters (approximate, dependent upon
fuel temperatuvre - all standard fuel)
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2.15.2 Support

Neutrous/fission
Thermal utilization factor

Resonance escape
probability

Fast fission factor

Fermi age

Diffusion length squared
Buckling

Infinite multiplication
factor

Fast nonleakage
probability

Thermal nonleakage
probabilsty

Capabilities

2.07
0.696

0.950
1.06

22.6 cm2

Vi

2.74 cm”™
0.017 cm >
1.45

J.722

0.956

Facilities available at the Nuclear Radiation Center include fully equipped

electronics and machine shops,

including professional personnel and experiment

preparation laboratories. The reactor staff includes 2 full-time senior opara-
tors, 1 full-time operator-technician, and 2 part-time reactor operators.

2.16.3 Procedural Information

Technical and adminietrative information, including scheduling and charges,
may be provided by either William E. Wilson (Associate Director), or Thomas A.
Lovas (Operations Manager) at the following address:

Nuclear Radiation Center
Washington State University
Pullwan, WA 99164
Telephone: (509) 335-8641
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2.17 BLERKELEY TRIGA MARK III

2.17.1 Characteristics

This pool reactor is fueled with U-ZrHy, 8.5 w/0-20% enriched, and moder-
ated with ZrHy and Hy0. The immediate test envircuaent is Hy0, graphite, or
air,

2.17.2 Test Parameters

Test parameters are as follows:

1. Power level Maximum 1,350 MW

2. Fissions 5 x 1017

3. Available reactivity Maximum $3.00

4. Reactivity insertion rate <1l 2/$3

5. Pulse period 2.8 ms

6. Repetition rate Approximately 10 wmin
7. Pulse 12 ms at FWHM

8. Temperature-time profile Gaussian

2.17.3 Environment

Figures 2-115 and 2-116 show neutron fluxes.
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Figure 2-115. Normalized neutron flux versus radial distance.
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Figure 2-116. Normalized neutron flux versus axial distance.

Background radiation levels are 0 to 50 mrem/hr total XBy. There is no
background RF, uwave, ucutrens, etc. Diagnostic techniques used in the environ-
ment measurements are film, TLD, and assorted survey meters. Errors in the envi-
ronment measurewents are *20X.

2.17.4 Support Capabilities i

Professional and nonprofessicnal technical support staff available are reac-
tor supervisor, reactor health physicist, chief reactor operator, reactor opera-
tor, machine and electronic sbcp personnel, and reactor laboratory secretary.
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PGSE and emergency generator, several timiug signals, assorted iun chamber
and GM/TLD, film and criticality foils, decontaminution room, general machine and
electronic shop equipment, hoods, capsules, sealer, etc. are available, in addi-
tion to a photographic darkroom, enlarger, and chemicals.

2.17.5 Procedural Information

For technical and administrative information, contact T.H. Lim, reactor su-
pervisor. Scheduling lead time is 1 week. The cost is $55 to $110/hr irradiation.
The shipping address is:

‘fRIGA YII Berkeley Research Reactor
Department of Nuclear Engineering
University of California

Berkeley, CA 94720
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2.18 KANSAS STATE UNIVERSITY (KSU) TRIGA MARK II

2.18.1 General Characteristics

Fuel of this thermal reactor is 20X enriched U in a ZrH; matrix, stairiess-
steel claddiag. The moderator is Hp0, graphite. Tests can be perfcrmed in core
or in beam port.

2.18.2 Operating Characteristics

Power levels are 107 J/pulse. Peak power at ambient temperature is 250 MW.
Available reactivity is $2.00. The pulze period is 10 mus. Repetition rate is 1/15
min, and reproducibility is *2X peak power.

2.18.3 Envirowent
Flux dengity at peak power 1is 1016cm=25-1 (neutrons, E > 0.2 eV). The
pulse width is 35 ms ($2.00). Background is 2.5 x 107 rad/s (y) in central

thimble at peak pulse power. Diagnostic techniques are foil counting and in-core
icn chambers.

2.18.4 Sunport Capabilities

The staff consists of 3 professionals, 3 support personnel, plus full re-
sources of the Nuclesr Engineering Department faculty, staff, and facilitier.

Timing signals are available. The dosimetry is full rarge, active and pas-
sive. An IBM 370-158 provides calculational capabilities. Shop facilities consist
of a machine shop and an electronics shop. Expevimental preparation laboratories
also are available. Plotographic equipment avail!able includes a fully equipped
darkroom and professional equipment.

2.18.5 Procedural Information

For information regarding the use of this facility contact:

Richard E. Faw, Director

KSU Nuclear Reactor Facility
Ward Hall

Kansas State University
Manhattan, KS 66506

Scheduling requires a 30-day lead time. Costs are available upon request. For
shipping, the address is as listed above.
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2.19 UNIVERSITY OF TEXAS AT AUSTIN
TRIGA MARK I

2.19.1 Characteristics

Fuel rods are 28-in. long x 1.5-in. dia., of 0.020-in. stainless-steel clad-
ding. The fuiel is U-ZrH,, with 20% enriched Y-235. The reflector is graphite
and light water. The moderator is light water, graphite, anc ZrH,. ’

2.19.2 Supnort Canabilities

Figure 2-117 is a sketch of che reactor floor plan. Other experimental de-
vices available at the laboratory are a subcritical assembly, a 2,000 Ci Co-60
irradiator, a Nuclear Chicago Sodium Iodide coincidence counting system, a neu-
t.on bean irradiation facility, and numerous proportional and Geiger-Mueller de-
tection ard counting systews.

2.19.3 Procedural Information

For informaction concerning the use of the facility, contact Dr. E.L. Draper,
Jr., or Mr. Joseph A. Burack at the following:

The University of Texas Main Campus
Taylor Hall 131
Austin, TX
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SECTION 3
FLASH X-RAY MACHINES

3.1 INTRODUCTION

In these machines, electrons generated by discharge of stored electrical en-
ergy through a cold cathode tube are converted to x-rays. They also are referred
to as electron-beam generators since the electrons themselves can be used di-
rectly for irradiation studies.

Flash x-rays have high dose rates over a relatively large volume. A wide
range of beam intensities, energies, and spatial distribution profiles may be ob-
tained by varying m~chine design factors such as stored charge, chasrging V, cir-
cuit parameters, ca ' geometry, and target material, However, for a given
machine, the pulse widiu is ess~ntially fixed and only limited variations of pho-
ton energy and dose rate are possible.

Machines presently available for TREE studies cover a wide range of operating
parameters. The amount of energy a particular machine can deliver is generally
proportional to its physical size. They have the disadvantage that for any given
pulse the electrical discharge can occur in an unpredicted, abnormal mode, deliv-
ering an output pulse unlike that expected. This problem is encountered much more
frequently in the large machines than in the smaller ones. The fidelity of a
given pulse is not guaranteed and sufficient diagnostics should be employed to
monitor each shot,

At each facility, the staff operates the machine, assists in setting up the
exgeriment and determining dosimetry, and is available for technical consulta-
tion,

Flash x-ray (FXR) facilities were requested to supply data emphasizing quan-
titative descriptions of the electron and x-ray fields and the accuracy to which
these values are known. Requests were also made for data characterizing the pre-
dictability and reproducibility of the environment on a pulse-to-pulse basis.
Figure 3-1 is a copy of the form sent to the individual facilities.
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Electron-beam mode, environment

A.
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J.

Total beam erergy versus voltage

. Beam geometry (area, spread, pressure in beam region, etc.)

Output wave form versus time for different voltages

. Beam-energy density versus position (axial and plan view) subject to

perturbatior by experimental equipment
Electron-energy spectrum as a function of voltage, position, and time
Characteristic deposition in Si, Au, etc.

. Repetition rate and pulse reproducibility/predictability

Diagnostic techniques vsed in the environment measurements

. Discussion of errors in the environment measurements

Electrical noise mapping (experimental configuration dependent)

High-voltage flash x-ray mode, environment (quantities dependent upon
anode-cathode geometry and charging voltage)

A.

o
D.
E:
F.
G.
H.
112

Dose as a function of position (both axial and plan view, data to be
presented as isodose contours)

. Dose rate as a function of positicn (both axial and plan view of isodose

rate lines)

Jutput wave form versus time as function of voltage and position
Photon spectrum versus time a< function of voltage and position
Pulse-timing jitter (pre-pulse and trigger) and pulse delay
Repetition rate and pulse reproducibility

Diagnostics techniques used in the environmental measurements
Discussion of error barc and reproducibility .
Electrical noise mapping {experimental-configuration dependent)

Support capadilities

A.
Bl
G-

Professional and/or nonprofessional technical support staff available
Screen room

General electronics available: power, cabling, and minimum cabling
requirements

D. Timing signals

E. Dosimetry available (active and/or passive)

Calculational capabilities available

Figure 3-1. Outline of data requested from FXR facilities.
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Procedural information
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. Contact {technical and administrative)

. Scheduling (lead time)

. Cost information if available and/or releasable
. Shipping address

Figure 3-1. (continued).




3.2 FEBETRON 705 ELECTRON-BEAM SYSTEM

3.2.1 Characteristics

The output characteristics of various Field Emission Corporation (now Hewlett
Packard) FEBETRON 705 systems are similar, and only one description is given.
Support facilities of the individual laberatories: Northrop Research and Technol-
ogy Center, Kaman Sciences Corporation, Lockheed Palo Alto Research Laboratory,
and EG&G are described further on in this section.

An electrcn beam is generated by discharging the Marx g2nerator through a
field-emission cathode vacuum tube. The electron beam impinges upon and passes
through a thin Ti window which serves as the tube anode. The tube discharge V
(600 kv to 2.3 MV) can be adjusted continually over the operating range by chang-
ing the charging V and the gas pressure of the containment tank.

A magnetic coil around the discharge tube produces a magnetic field which fo-
cuses the electron beam. This field is internal to the containment tank and dur-
ing normal operation has a field strength of approximately 4,000 G. This magnetic
field may influence the experimental apparatus placed immediately adjacent to the
tank wall or face.

X-rays are produced by placing a W (or other suitable material) target at the
external focus of the electron beam.

3.2.2 Test Parameters

Operating _naracteristics of the FEBETRON 705 are:

1. Maximum charging V 35 kv
2. Tube V (maximum electron energy) 2.3 Mev
3. Average electron energy 1.4 MeV
4, Total beam energy/pulse 400 J
5. Peak electron-beam I 5,000 A
6. Number of electrons/pulse L2 % 1015
7. Pulse width (FWHM)
a. Electron mode 20 to 50 ns
b. X-ray mode 20 ns
8. Peak electron energy fluence/pulse
a. At tube face (anode) 25 cal/cm2
b. 30 ca from tube face v0.1 cal/cm2
9. X-ray intensity/pulse
a. At target $7,000 R

b. 30 cm from target s25 R




These data are not definitive and are meant only to be used as a guide.

Because of the finite rise and fall times of the accelerating V pulse, the
output electrons are continuously distributed from zero to the maximum energy.
The electron-beam dia. is dependent upon discharge V and magnetic field strength.
Typically, the beam dia. (80% peak intensity at edge) is less than 0.8 cm. The
peak x-ray intensity is available over only a very small area, and the maximum
usable dose 1s somewhat less tuan this value. Total beam energy as a function of
charging V and focusing magnetic fieid strength is given in Figures 3-2 and 3-3.

The beam pinches to the geometric center line a short distance in front of
the tube and then diverges. The exact shape of the contour and the value of its
maximum vary with machine parameters such as charging V, magnetic focusing field,
type of electron-beam tube, and distance from the anode.

Maximum pulse repetition rate {(with a special power supply) is 10 pulses/s.

1980 T T T T T ]

Focusing ficld: 4000 G at 35 kV: 3400 G at all
other charginy voltages,

/s
. // |
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Figure 3-2. Total output beam energy, £, versus charging V
(Vge) for the FEBETRON 705/tube 535C.
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at the tube face versus focusing field, H, at
8 kV for the FEBETRON 705/tube 545A.

Figure 3-4 is a superposition of 6 output I waveforms (no Al filter). Experi-
ence has shown that center-line dose values are reproducible to within 5%. The
actual spatial orientation of the dose center line is not necessarily coaxial
vwith the tube center line, and varies from tube to tube. The dose center-line po-
sition may be established by taking dosimetry measurements each time the dis-
charge tube is changed, and occasionally during the life of the tube.

Noise measurements by the mesnufacturer indicate RF noise is less than 5 amV
across 50 ohms at the pulser faca, and can be reduced to 1 mV by appropriate
shielding.

Electron-beam measurcments are made using calorimeters and Faraday cups.
X-ray measurements are made using TLDs, cellophane and glass dosimeters, and pho-
todiodes.
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Figure 3-4. Pulse-to-pulse repeatability test for
the FEBETRON 705/tube 545C.

3.2.3 Environment for Electron-Beam Mode

Beam profiles are given in Figures 3-5 through 3-7. Electron-beam energy flu-
ence maps are given in Figures 3-8 through 3-13. Waveforms of the output beam are
chown in Figures 3-11 and 3-12.

The electron energy spectrum was determined by analyzing the dependence of
the output I waveform on the thickness of Al absorbers in the range of 0 to 175
wil. From these waveforms, the transmitted I, as a function of absorber thickness
and time, was determined and the output electron energy, as a function of time,
was derived. This curve, along with the time-dependent output beam I curve, is
st.own in Figure 3-13. Analysis of these data led to the electron energy spectrum
curves shown in Figures 3-14 and 3-15. In Figure 3-14 it is assumed that the in-
stantaneous electron spectrum is a delta function in energy. The charge in the
3/4-in.-dia. output beam used for spectrum determinaticn is 194 uC. Total
charge in the output beam is 320 uC (2 x 1013 electrons).

Figure 3-16 is a dose-depth profile for Al as measured using blue-cellophane
dosimetry foils. Analytically determined deposition profiles for carbon are given
in Figures 3-17 and 3-18.

3.2.4 Environment for X-Ray Mode

X-ray exposure maps derived from experimental data and analytical calcula-
tions are given in Figures 3-19 through 3-21. Figure 3-22 depicts the uniformity
or useful region of the beam as a function of x-ray exposure. The x-ray output
waveform, as determined from a photodiode detector, is shown in Figure 3-23.
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Figure 3-5. Electron-beam intensity profile in plane 0.5 in.
from tube face for the FEBETRON 705/tube 545C.
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Figure 3-6. Beam energy density profiles for various
operating conditions for the FEBETRON 705.
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Figure 3-9. Energy fluence, W,, versus distance, r, from
window for FEBETRON 705/tube 5450.
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Figure 3-11. Applied tube V, V,(t), and output beam I,
I5{t), at 35-kV charging V for the
FEBETRON 705/tube 545C.




| 4000 G
2 1800 G
3 1800 G and |cm beariaperture

Output Beam Power ( R(t) ), GW
@

l

0 30 40 60 80 100 120

Time , ns

Figure 2-12. Output beam power waveform, P,(t), at 35-kV charging V
i for the FEBETRON 705/tube 545C.
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Figure 3-19. X-ray exposure map {in R) for FEBETRON 705/
tube 545C, 30- aud 35-kV incident beams.
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Figure 3-21. Angular distribution of x-ray exposure at large
distances from the target for the FEBETRON 705.
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Dose Rate X (t),arbitrary units

I | I | ] [ [ | I |
Dose Rate. 5(.
Total Dose: X = | X (t) dt =area under X(t) curve.

Effective pulse duration, by definition : te = %
M

te = 28.5ns.

35kV, 40006
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Time, ns

Figure 3-23. X-ray dose rate waveform for the
FEBETRON 705/tube 545C.
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The photon spectrum has been estimated analytically based upon various as-
sumptions regarding the electron spectrum. Results are given in Figure 3-24.
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sk NOTES: Based on spectra measured by |
7 Goldstein (USNRDL-TR-939):
1. More elaborate approximation;
Sr electrons divided into 6 energy
5F groups {0.75 to0 2.0 MeV at N
0.25 MeV intervals). Number
4H of electrons in each group de- .
rived from electron energ:
3 spectrum measured for |
| FEBETRON 705.
2 2. Simple approximation 2ssum-
i 2 ing all electrons {320 uC = i
£ i 2 X 10! clectrons) at
g 1.5 MeV.
Q
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n s filtration.
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Figure 3-24, Estimated x-ray energy spectrum
for the FEBETRON 705.
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3.3 FEBETRON 706 ELECTRON-BEAM SYSTEM

3.3.1 Characteristics

Support facilities of the Field Emission Corporation (now Hewlett Packard)
FEBETRON 706 are: Lockheed, EG&G, Triangle Institute, and Westinghouse.

FEBETRON tubes are field emission-diodes characterized by large I and small
size. Iastead of an internal anode, they have a thin window through which the

electron beam is transmitted for external use.

3.3.2 Test Parameters

The 2 tubes which operste in the 706 system have nearly identical waveforms
(Figure 3-25). Their very short pulse length, approximately 3 ns, erhances the
excitation and observation ~f very fast transient phenomena. The 2 tubes have
different beam densities and beam profiles to accommodate different applications.
The total beam energy is nearly the same in both cases. The electron energy can
be varied over a broad range. Maximum recommended pulse rate is 1 pulse/min. The
characteristics given correspond to the maximum warranted output. Electron-beam
output and x-ray output specifications for the 706 system are given in Tables 3-1
and 3-2, respectively.

The Model 5510 electrun-beam tube accelerates electrons in a vacuum and
transmits the beam through a thin window. It has high transmitted I (7,000 A),
500-keV beam energy by penetration, and provides 10 J/pulse with reproducibility
of *3% rms.

The Mode' 5515 electron-beam tube is for maximum beam deasity and minimum
source size.

A high-V power supply is used to charge the pulser rated at 5 mA, adjustable
V from 0 to 30 kV.

T T
—
— -
- -
4}
10 ns/cm

(Redrawn from scope picture)

Figure 3-25. Wavefcrm of transmitted electron I.
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Table 3-1. 706 system electron-beam output speci®ications.

L__ Parameter Tube 5510 ?;be 5515
Total Qutput Beam Energy 10 J 12 J
Maximum Beam Energy Density 4 J/cm? 8 J/cm?
Surface Dose in Al 2 Mrad 4 Mrad
Linear Extrapolated Range in Al 160 mg/cm? 200 mg/cm2
equivalent eiectron energy i 500 keV 600 keV
Pulse Rate 1/min
Table 3-2. 706 system x-ray output specifications.
Tube 5515
(external target)
Tube 5290
Parameter Fuil Beam Apertured Beam (internal target)
X-ray Source Dia. 8-mm effective | 4 mm 2.8 mm
X-ray Dose
12 in. from Tube Face | 60 MR 25 MR
Max imum 160 R 7R
Maximum X-ray Dose Rate | 4 x 1010 R/s 2 x 10% R/s
Penetration in Al 2 in. at & ft 2 in, at 2.2 ft 2 in. at 3.5 ft
Pulse Rate 1/min

The solid curve in Figure 3-26 shows tne measured electron dose versus depth
in thick Al absorber located 0.5 in. from the tube face. It is quite similar to
published data for 500-keV moncenergetic electrons (dashed curve). The surface
and maximun doses in Al are 2.6 and 3.4 Mrad, respectively. The peak dose rate
reaches 1013 rad/s. Integration of the area under the dose-versus-depth curve
yrelds an energy density of 3.6 J/cm?, Energy density profiles across the beam
are shown in Figure 3-27 for two distances (0.125 and 1.5 in.) from the tube
face. At the closer distance, a peak density of 5.5 J/cm? and a beam half-width
of 8 mm are suited to the intense irradiation of small objects. At the larger
distance, a broader beam allows nearly uniform irradiation of larger areas.
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Figure 3-26. Measured electron dose versus depth
in thick Al absorber 0.5 in. froa
the tube face.
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Figure 3-27. Energy density profiles 3cross
the beam.

Figure 3-28 shows the beam energy density near the axis as a function of dis-
tance from the tube face; the values shown are the average energy density cver a
0.25-in.~dia. calorimeter centered on the axis. Peak values on the axis are some-
what higher, as indicated by the dosimetry check point. The besm expands in vac-
uum and the energy density follows a 1/r2 law zt distances greater than 1 in,
However, in other media the beam propagation characteristics are affected by the
medium., In air, the beanm expansion is considerably reduced and actually converges
at 3 in. {rom the Zube, at least near the axis.

o
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Figure 3-29 shows a complete mapping of the electron beam in the region near
the tube window, derived from the data of the previous 2 figures. Both energy
density and surface Al dose scales are shown.
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Figure 3-29. Map of electron beam in region near

the tube window.

Calorimetric measurements of the total beam energy in 100 successive pulses
and statistical analysis yields an rms fluctuation of 3% in the total beam energy
for tube 5510. Similar measurements with a portion c¢f the beam (0.25-in.-dia.
calorimeter) show a mean fluctuation on the order of 5% in energy deasity near
the window {(air or vacuum). Comparable fluctuations are expected in the local
dose.

o S
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The solid curve of Figure 3-30 shows the electren dose versus depth in Al at
0.5 in. from the 5515 tube face; the dotted curve shows the dose versus depth fer
tube 5510 for comparison,
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Figure 3-30. Electron dose versus depth in Al at
0.5 in. from 5515 tube face.

Nominal peak dose for tube 5515 is 7 Mrad and the linear extrapolated range
of 214 mg/cm? is equivalent tc that of 620-keV monoenergetic electrons. Mea-
surements of the peak I deasity at 0.125 in. from the tube face, using a fine ap-
erture Faraday cup, yield a value of 4,000 A/cm2,

Figure 3-31 compares the energy-density profile for the 2 tubes in the plane
0.125 in. from the tube face. The erfective beam cross-sectional area is smaller
for tute 5515.
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Figure 3-32 shows graphs of beam-energy density versus distance from the tube
face in air and in a vacuum. Solid curves are fecr the 5515 tube; dotted curves
are for tube 5510,
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Figure 3-32. Beam-energy density versus distance from
tube face in air and in a vacuum.

Energy Jdensity is much higher with tube 5515 near the tube yace, but the dif-
ference decreases at large distances from the tube face since both tubes have
comparable values of total beam energy and scattering and traverse energies.

The beam-energy density in air is much higher than that found in a vacuum,
although details of the curve differ because of detailed differences in the char-
acteristics of the injectad beam. The fact that the beam energy for tube 5515
remains high for some distance “s useful in applications requiring a finely ap-
ertured electrcn source, particularly where the tube must be protected from pos-
sible damage by the event under study, since it permits location of the tube
several inches behind the beamdefining aperture,

For tube 5515, the surface ani maximum doses in Al, in Mrad, are approxi-
mately 0.5 and 0.8 times the emergy density in J/cm2,

Dose and energy density for tuhe 5515 are approximately symmefrical about the
tube axis. Isodose curves have radii from the axis that are typically constant
within 102 near cthe tube and within S% at 1.5 in. from the tube.

The pulye-to-pulse reproducibility and beam symmetry for tube 5515 are siwi-
lar to those for tube 5510. Deviations from symmetry and reproducibility are
slightly larger,

An external target counverts the FEBETRON's electron beam to an x-ray source.

Model 5515 tube providzs an x-ray source with the penetration shown in Figure
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3-33. The full-output heam has a source size of 8 mm, which can be quite useful
at large film-to-source distances (e.g., shadowgraphs of bomb fragments). The
x-ray beam is sufficiently broad (about 30 degrees) to cover usefully large
areas.

MODE L 5615 TUBE

e— FULL-QUTPUT X-RAY BEAM
(EFFECTIVE SOURCE
DIAMETER B MM)

= wme= X-RAY BEAM APERTURE
{SOURCE DIAMETER
4 MM)

ALUMINUM THICKNESS IN INCHES
|

ot Ny N _
12 16

[ 4 8 20
FILM TO SOURCE DISTANCE IN FEET

Figure 3-33. X-ray penetration of Model 5515 tube.

Tubes 5510 and 5515 with an external target also can be used as ns x-ray’
sources for high dose-rate radiation-effects studies. Figure 3-34 shows the dose-
per-pulse measured on the axis of tube 5515. Near the target, the dose exceeds
100 R and the dose rate & x 1010 R/s. At a given Jistance from the tube, the
x-ray dose for tube 5510 is about 70X of that for tube 5515.
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Figure 3-34. X-ray dose versus distance for Model 5515 tube.
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3.3.3 Northrop Research and Technology Center
FXR Faciiities

The Northrop Researcn and Technology FXR facility (Figures 3-35 and 3-36) is
a FEBETRON 705. It is located in the Northrop reactor building, where it is at-
tached tc one wall of a shielded enclosure (Topatron Model 7222), and is operated
from a console in the control room adjacent to the machine cell., Tnstrumentation,
signal, and power cables, which run from the control room into the shielded room,
are routed through four 3.5-in. steel tubes which have 90-degree bends to prevent
radiation streaming into the control area.

3.3.3.1 FEnvironment for Electron-Beam Mode

Electron-beam dosimetry measurements were made utilizing calorimeters con-
structed of 0.125-in.-dia., 0.0l-in.-thick Al disks with a chromel-alumel thermo-
couple unit in the center. Figure 3-37 is a typical electron-beam response curve
averaged over the data obtained in this manner.

At full charging V and maximum magnetic field focusing, the electron pulse
width (FWHM) is approximately 55 ns.

An external focusing magnet assembly is available to produce electron-bcam
levels of up to 120 cal/cm“. The test specimen size at this level is limited
to a dia. of v3/1¢ in. A magnetic field of up to 16,000 G is present in the
target area.

3.3.3.2 Environment for X-Ray Mode

A 0.025-in.-thick Ta target is used to generate x-rays. CaF, TLDs are used
for x-ray dosimetry., The detectors are calibratad with the Northrop Co-60 source.
Table 3-3 gives the results of x-ray dosimetry measurements made in the geometry
depicted in Figure 3-38. A typical x-ray response curve averaged over the exist-
ing experimental data is given in Figure 3-39,

At full discharge V and maximum (4,000 G) internal field strength, the x-ray
pulse width is 20 ns.

3.3.3.3 Support Capabilities

Northrop-owned equipment is availsble on a noninterference basis. Power is
available from 3 wall-mounted 1-¢ =2iectrical racevays in the control room (20
A), and one in the analyzer area (30 A), which require atandard 115-Vac, 3-prong,
straight safzty plugs. Cable lengthe of at least 20 ft are required for positior-
ing of test specimens or fixtures in front of the radiation beam., Additional ca-
ble lengths should be anticipated and added if low-lavel testing is performed
with the specimen spaced at greater distances from the machine face. The screen
room's primary power is 115-Vac, 1-¢, 60-cycle, 15-A. Additional power can be
connected to the screen room through permanently installed RFI filters, and in-
cludes: 480-V, 3-¢, 60-cycle, 30-A; 120/208-V, 3-¢, 400-cycle, 30-A; 28-Vdc,
50-A. A scope triggering signal actuated by the tube discharge is available.
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Table 3-3. Northrop FEBETRON 705/tube 545C x-ray beam map.

| Dose at a Distance From the Target {rad {(Si}}

Position Position

Number I-in. | 2-in. | 3-in. Number 1-in. | 2-in. | 3-in.
1 1290 495 226 18 309 187 13¢
2 984 436 199 19 256 180 136
3 1030 466 210 20 265 191 146
4 1050 515 218 21 273 191 143
5 1110 418 218 22 290 195 142
7 1040 432 218 23 290 191 146
& 941 418 225 24 367 210 146
9 950 412 211 26 400 203 157
10 499 326 178 27 345 187 155
1 490 336 ! 178 28 370 187 154
12 539 346 194 29 294 178 154
13 625 | 307 213 30 289 187 131
14 607 3i 198 31 299 187 121
15 593 283 189 32 284 187 126
16 523 271 181 33 274 187 129
17 455 267 172

I-in diumeter

{ Figure 3-38. TLD fixture positions for No " wrop
i FEBETRON 705/tube 545C x-ray
5 beam map.

3-35




Dose, rads (Si)

L4l Il llll J, llLl i

100 64 2 0 64 2 | 0804 02
Distance From Target, n.

Figure 3-39. Typical x-ray response of the Nerthrop
FEBETRON 705/tube 545C.

Dosimetry equipment and services include multichannel analyzers, automatic
counting syctems, and gas flow and scintillation detector systems. CaFy TLDs
arz used for x-ray dosimetry.

Northrop's IBM 360-65 computer may be used by special arrangement. Nearby
Control Data Corporation's CDC 6600 and a remote tie-in to an IBM 360-40 is
&vailable on a contract basis.

Located within the building are a radiochemical laboratory, a hot cell, and
a complete machine shop with capability for construction of special shielding
screens and experimental irradiation devices. The heavy machine shop of the
Northrop Corporate Laboratories is available on a contract basis. Experiment pre-
paration and setup laboratories are available to the user. Associated with the
hot cell is 2,500-Ci Co—60 source with a maximum dose rate of i.4 x 105 rad/
hr. Also, a limited amount of photographic equipment can be made available.

Test samples are manually placed within the screen room. An adjustable 24-
in. x 30-in. specimen-support table positioned in front of the beam runs on
tracks which span the 8-ft room and are parallel to the beam access. The table
top is adjustable in height from 30 te 48 ia. above the floor level and will sup-
port 1,000 lbs. Table-top adjustment from eide to sidc is approximately 4.5 in.
either side of ceater. The center of the radisiion beam is 42.5 in. above floor
and the bottom cable feedthrough tube is 50 in. above the floor level.
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A vacuum chamber, 12 in. in dia. and 22 ft long, is available for special ap-
plications.

3.3.3.4 Procedural Information

Technical and administrative inquiries should be directed to:

Northrop Research and Technology Center
Chief, Northrop Reactor

3401 W. Broadway

Hawthorne, CA 90250

Teleptone: (213) 970-2297.

The lead time required is dependent upon the type of experiment to be con-
ducted. Routine experiments and irradiations require only nominal advanced plan-
ning.

Costs and charges associated with the use of the facility are documented and
available directly from Northrop. The shipping address 1is:

Northrop Research aid Technolngy Center
Flash X-Ray Facility, Northrop Reactor
3401 N. Broadway

Hawthorne, CA 90250

Telephone: (213) 970-2297.

The Northrup FXR facility is primarily a research facility but it can be made
available for TREE experiments as the work load permits.

3.3.3.5 Reference

‘. "Northrop Corporate Laboratories 2.3-MV Flash X-Ray and Electron Beam Facil-
ity," unpublished report available directly from Northrop.

3.3.4 Kaman Sciences Corporatior FXR Facilities

The Kaman Sciences FEBETRON 705 is housed in a 24-ft x 31-ft underground lab-
oratory. Access for large or heavy items of equipment is provided by a hydraulic
1ift with a 4-ft x 6-ft platform.

3.3.4.1 Test Parameters
The charging V of the machine is 15 to 30 kV, although it may be modified to
occcept a maximum of 35 kV, The minimum charging V is set by the firing character-

istics of thes mechine as controlled by the spark gap. The maximum energy stored
at 30 kV is 400 J, and is scaled as the square of the charging V.
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Normally, a Field Emission Corporation model 535A electron-beam tube is uti-
lized. The maximum energy density available varies from tube to tube and is 20 to
25 cal/cm2.

Figure 3-40 is a plot of the total energy as a function of charging V. Figure
3-41 is a typical normalized electron-beam energy density contour.

Steady-state repetition rate is 1 pulse/3 mia for continuous operation. For
up to 5 pulses, the machine may be operated at 1 pulse/10 s.

Calorimetric measurements indicate that the electron-beam energy density at a
given spatial point is reproducible to 2.52 rms pulse-to-pulse.

Pulse timing jitter is less than 10 ns. The pulse also may be delayed over
the range of 1 ms to 100 ms, continuously variable in 5 ranges. Using a delayed
pulse adds to the timing jitter Ly less than 0,22 of the delay setting.

To minimize electrical noise, the device under test and associated electron-
ics are placed in an RF shield and tied to the facility ground by a heavy copper
braid. Circuit ground is located in the RF box and is isolated from facility
ground. Connecting leads from the RF box to a screen cage contzining instrumenta-
tion are coaxial cables enclosed in a copper wire-mesh shield. This shield is
grounded at a point close to the target end of the machine. Using the above
grounding and shielding, electrical noise is typically v5 mV when low impedance
(50Q) driving circuits are used.
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Figure 3-40. Extracted beam energy of Kaman
Sciences FEBETRON 705, electron-
beam mode.
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Figure 3-41. Normalized typical beam energy density
contour (measured at 1 cm from anode)
of Kaman Sciences FEBETRCN 705,
electron-beam mode.

X-ray diagnostics utilize LiF TLDs and scintillation detectors. The dosime-
ters are calibrated by means of a Co-€0 source.

3.3.4.2 Environment for Electron-Beam Mode

Figure 3-42 is a typical electron-beam center-line energy-density curve for
the 545A tube. The curve represents summarized data taken from a large number of
total absorbing Al calorimeter measurements.

Typical output power waveforms are shown in Figure 3-43 for 2 charging V.

Figure 3-44 depicts the electron energy spectrum, determined from considera-
tions of V and 1 time~dependent waveforms. The data have been corrected for elec-
tron losses in the thin window anode of the 545A tube. The spectrum is used 1in
Monte Carlo electron transport calculations in conjunction with the thin window
tube anrde. Of the several methods which may be used to determine an energy spec-
trum, this method has been found to give results which are in excellent agreement
with experimental dose-deptn measurements.

Experimentaliy determined dose-depth profiles for several metallic elements
are given in Figure 3-45. The data are normalized to 1 cal/cm‘, and were ob-
tained at a distance of 5 cm from the anode. Calorimetric measurements are ac-
curate to %6Z, with a maximum error of *10% when beam fluctuations are
included.
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3.3.4.3 Environment for X-Ray Mode
A Ta bremsstrahlung target is utilized for the generation of x-rays.

Figures 3-46 and 3-47 summarize the experimental dose data. Figure 3-4& de-
picts a typical x-ray mode waveform. The pulse width (FWEM) is 20 ns. A typical
photon energy spectrum is given in Figure 3-49,

3.3.4.4 Support Cavabilities

Electronic equipment available for experimental diagnostics and analysis in-
cludes Tektronix 519, 546, and 555 osrilloscopes, a Tektronix 575 curve tracer,
several low-V electronic power supplies, a waveform generator, and equipment for
color photomicrography. Space is available external to the laboratory for accom-
modating instrumentation trailers.

Trigger pulses are available for times ranging to 1 ms before anc after ma-
chine firirg.

Limited dosimetry equipment and services are available. Electron dosimetry is
performed by calorimetric and colorimetric techniques. LiF TLDs and electron
scintillation techniques are employed for x-ray dosim try. Personnel from the op-
erating staff are available to lend assistance in dc..metry measurements.

The Kaman Sciences CDC 6400 computer with expaaded 65,000-bit memory is
available. Operational circuit analysis codes include KNCAC (modified ECAP) and
SCEPTRE. Also operational is the specialized FEBETRON Monte Carlo electron trans-
port and energ' deposition code EPIC,

Complete machine-shop facilities capable of constructing experimental cppara-
tus, and experiment preparation and setup laboratories, as well as limited office
space and conference room, are available.

Oscilloscope cameras for the Kaman oscilloscopes, a dark room, and a limited
amount of photographic labcratocy equipment may be used.

3.3.4.5 Procedural Information

Technical and administrative inquiries should be directed to:

Kaman Sciences Corporation

1500 Garden of the Gods Road

Colorado Springs, CO 80907

Attn: Dr. Donald H. Bryce, Flash X-Ray Facility
Telephone: (303) 598-5880.

The lead time required depends upon the type of experiment to be conducted.
Rovtine experiments and irradiations require only nominal advance planning. A

lead time of 1 week is usually advisable.

The Kaman equipment is government-owned and is available at no cost to quali-
fied users. Users must bear the cost of expendable items such as electron-beam
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tubes and films and the cost of any labor. There is no facility use charge. Exact
cost quotations may be obtainad from the Director.

3.3.5 Lockheed Pale Alto Research Laboratory
FXR Facilities

The Lockheed Palo Alto Research Laboratory (LPARL) has a FEBETRON 705 and -
FEBETRON 706, both with 5510 and 5515 tubes.

Over 175,000 pulses were fired on the FEBETRON 705, primarily in the elec-
tron-beam mode (approximately 80%), with thie remainder in the x-ray mode. The ma-
chine is available for operation in either mode. The electron beam is most often
used directly in air; however, a small vacuum chamber is available. Beam geometry
varies with parameters such as charging V, magnetic focusing field, type of elec-
tron-beam tube, and distance from the machine anode.

The machtine is operated on a manusl charge-fire basis with firings every 40
s. The rate of fire may be increased to 6/min for a few (4 to 5) pulses. More
than 400 shots per standard 8-hr work shift are commenly acnieved.

Normally, for any given tube, pulses are reproducible to within a few percent
of each other at a distance of less than 10 cm from the tube window. Pulse delay
is variable up to 1 ms, with jitter in the trigger posing no problem since normal
experimental work uses an external radiation trigger when required. Pulse width
(FWdM) may be modified (although the output is reduced) by appropriate choice of
apertures, filters, or magnetic field strength.

Available electrical noise data ar- limited. A photomultiplier (producing MV
of signal) placed in close proximity to the FEBETRON 705 has been used to monitor
events spectroscopically 300 ns after the pulse and later. In the adjaceat screen
room, photocurreats as low as 1 mA may be measured.

Electron-beam measurements are made with various calorimeters, with stainless
steel being the standard. Faraday cup, stacked blue cellcphane, and red Cinemoid
dosimeters are alsc used.

X-ray dosimetry technigues rely primarily on the use of TLDs calibrated
against a Co-60 source. Shot-to-shot reproducibility is withir che accuracy of
the TLDs.

3.3.5.1 Electron-Beam Made Environment

Oscilloscope traces of the V monitor for both the x-ray mode of the 705 and
706* and the electron-beam mode of the 705 are given in Figure 3-50. The V moni-
tor is a capacitive V divider from the Marx line. Electron-beam spectral data &ad
energy deposition data are given in References 1 through 3.

*Waveform included for 706 x-ray pulse.
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a. Eiectron-beam mode b. X-ray mode

Notes: Tektronix 519 oscilloscope.
&9 ns/division.

Figure 3-50. Lockheed FEBETRON 705 V waveforms.

A post-focus mode is capable of producing approximately 120 cal/cm?. Sample
size is limited tuv &-mm dia, at this level,

A number of super-radiant phosphors are available which emit extensively
(1016 photons/pulse), at discrete wavelengths, from 345 to 735 nm. If activated
by the FEBETRON 706, the photon pulse width is less than 3 ns. Fluence measure-
ments are accurate to 5%,

3.3.5.2 X-Ray Mode Environmenti

An oscilloscope trace of the bremsstrahlung output taken with a photcdiode
detestor is given in Figure 3-51,

-

Notes: Scintillator/photodiode.
Tektronix 519 oscilloscope.
20 ns/division.

Figure 3-51. Lockheed FEBETRON 705 bremsstrahlung 2

waveform, 5
i
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The 706 is equipped with a low-jitter trigger amplifier that produces an sc-
curate firing time (%7 ns) relative to an external trigger signal. The maximum
repetitive rate is 1 pulse/m, the energy output is reproducible with 5% rms,
and it is normally operated at 30-kV charging V.

An oscilloscope trace of the x~ray output with the 5510 tube taken from an
x-ray detector is given in Figure 3-52.

g i 1 I | | | | [

5V/OIv

2NS/DI

Figure 3-52. FXR pulse from FEBETRON 706. (#3060 detector at 50-cm
distance on tube axis. Scales: 5 V/div, 2 rs/div.)

3.3.5.3 Support Capabilities

Electronic equipment is available for complete diagnostics of the machine op-
eration as vell as for measurements of material and electronic test sample re-
sponses. An instrument pool is located ia the same building as the test facility.
Space is available external to the facility laboracory for accommodating instru-
mentation triilers.

Timing signals, including trigger delay up to 1 ms, can be provided froam the
control room. Radiation triggers are available as standard facility service. TLD
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and steel calorimeters, photcdiode monitors, and complete diagnostic dosimetry
are availaple,

The Lockheed Research Laboratory computational facility, althuugh not a stan-
dard part of the FEBETRON facility, may be used by arrangement. Machine shop fa-
cilities capable of constructing experimental apparatus of medium complexity may
be used. More extensive facilities are available by arrangement.

Onsite experiment prenaration and setup laboratories, limited office space,
and a conference room are available. Oscilloscop: cameras for the Lockheed oscil-
loscopes are provided. Complete photographic fa:ilities can be provided, includ-
ing equipment for microscopic examination and documentation of test specimens. A
positicning table and screen room are normally used in the experimental area. The
primary test position is approximately 10 cm ‘n front c<f the beam exit window,
with the beam extracted directly into the test specimen in air,

Inquiries concerning operation and use of the facility should be directea to:

Lockheed Palo Alto Research Laboratory

3251 Hanover Street

Palo Alto, CA 94304

Attn: J.F. Rilev, 52-11, B/203
Nuclear Sciences Lahoratory

Telephone: (415) 493-4411, Ext. 45153,

Scheluling use of the facility generally requires 30 days. Costs and charges
are negotiated on an individual basis. Details can be obtained from Lockheed.

The shipping .1ddress is:

#lash X-ray Facility, B/205

{ockheed Palo Alto Research Laborarory
3251 Hanover Street

Palo Alto, CA 94204,

3.3.5.4 References

1. Rauch, J.E., "Electron Spectra Produced by the 705 FEBETRON at 10, 12, 15,
20, 30, and 35 kV Charging and the Resultant Dose Depositions in Metallic
Elements Ranging from Beryllium to Uraniua," LMSC/6-78-69-3, Januarv 13,
19€3.

2. Rauch, J.E., "The Determination of Mzga-Volt Electron Spectra from Dose Dero-
sition Profiles," IEXE Transactions on Nuclear Science, 322-325, NS-15,
1568.

3. Rauch, J.E., "Calorimetric Mearurement of Dosc Deposition in Aluminum, Copper

and Tantalum from High Intensity, Pulsed Electron Beams," IEEE Transactions
01 Nuciear Sclence, 325-335, NS-15, 1968.
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3.3.6 EGRG FXR Facilitias

EG&G has a FEBETRON 705 and a FEBETRON 706. Experimenters interested in using
the facility should contact:

Lonnie P. Hocker

EG&G Inc.

130 Robin Hill Road

Goleta, CA 93017

Telephone: (805) 967-0456.

3.3.7 Research Triangle Institite FXR Facility

Research Triangle Institute has a FEBETRON 706 with a 5515 tube. Experiment-
ers interested in using the facility should contact:

Dr. Mayrant Simons
P.0. Box 12194
Research Triangle Park, NC 27709.

3.3.8 MWestinghouse Electric Corporation
FXR Facilities

Westinghouse has a FEBETRON 706 with a 5515 tube, and #1563 low-jitter trig-
ger amplifier systen~.

The normal specimen test region is a 1-ft> airspace, surrounded on 5 sides
by a 2-in.-thick layer of Pb bricks for personnel protection. No electromagnetic
shielding is presently incorporated into the facility, so experimental measure-
ments are limited primarily to pre-burst and post-burst properties of the test
specimens,

Primacy diagnostics include a #1655 Faraday cup, a #3060 pulsed radiation de-
tector, and a Tektronix 519 fast-rise oscilloscope for dose-rate information.
Total dose measurements are accomplished with a Tzledyne lsotopes TLD system,
presently active with LiF-Teflon and LiB-Teflon dosimeters.

The Yestinghouse Reszarch Laboratory is well equipped with facilities for
glassblowing, machine work, and data acquisition, reuu:stion, and analysis.

For inforration regarding use of the facility, contact:

Westinghouse Electric Corporation
Beulah Road

Pittsburg, PA 15235

Attn: John Hicks

Telephone: (&412) 256-324$,
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3.4 ION PHYSICS CORPORATION FX-35
ELECTRON-BEAM GENERATOR

3.4.1 Characteristics

The Ion Physics Corporation (IPC) FX-35 pulsed electron accelerator has a
characteristic pulse width of 25 ns or less at the half maximum of the power
curve; rms output variation at the diode is *5% or less. The FX-35 can be used
either 2s a stopped beam bremsstrahlung source, or as a direct producer of elec-
tron streams.

The 7X-35 Electron-Beam Generator operating characteristics are summarized in
Table 3-4.

Table 3-4. Operating characteristics of FX-35.
Mean Total ‘ Pulse Width (ns)
Energy Beam Peak
Range Energy F1uenc§ Electron
(MeV) (caI? (cal/eme) Beam X-ray
0.4-2.5 400 220 35 20

The FX-?5 was designed for use as an FXR machine and is therefore used pri-
marily at V of 1 MV or more, but can be mismatched down to aboutr 400 keV, if
neceseary.

3.4.2 Test Parameters

The beam is annular at the anode, pinches to the geometric center line at ap-
proxzimately S cm, then diverges under vacuum conditions. This is shown in Figure
3-53. The beam is very stable at the 5-cm pirch position. Detailed characteris-
tics of the beam are dependent upon pressure in the drift chamber. The pressure
dependence of the beam energy, as determined from calorimeter measurements, is
depicted in Pigure 3-54. The flux level is determined by the initial pinch posi-
tion and adjustmenis are made by regulating the drift-tube pressure. Beam re-
sponse to these variables is well documented by IPC, and beam control can be
maintained for s given experiment configuration. The maximum repetition rate is 2
pulses/min.

An estimate of the pulse predictability can be obtained from Figure 3-55,
wvhich shows consecutive bremsstrahlung traces for the FX-35 taken with a pilot-3
phosphor and a fast photodiod2. Although not definitive, these curves do indicate
the reproducibility of these guantities from pulse to pulse. As secen from Figure
3-54, a slight change in pressure causes large chang«s in deliverable dose for
certain pressure regions which slightly degrade electron-beam predictability. The
x~ray sode of operation does not utilize a drift tube and the reproducibility is
¢. machine function only.
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Figure 3-53. FX-35 beam mapping.
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Figure 3-54.

Pressure dependence of electron-beam energy

monitored calorimetrically 20 cm from entrance window.

Figure 3-55.

Note: 20 ns/cm.

FX-35 bremsstrahlung traces.
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The output pulse delay asscciated with the ¥X-35 is 500 ns. This delay is de-
fined as the time interval between the command pulse to the spark gap triggering
iight source and discharge of V at the anode. A Gaussian distribution of jitter
is associated with the delay. Data taken for 120 pulses are shown in Figure 3-56.
Zero time corresponds to the nominal 500-ns delay.

T
+ Number of .
shQts !

- —+70 —

— —J—GO Notes : -\1
(1) Toto. number of shots =120

(2) Charging voltage Vg, = 36 MV

(3) Zero time corresponds to 0

nomingl 500 ns adeloy

| 1
-29 -0 -13 -10 -5 [o] -] 0 1€ 20 2%
Time From Nomung! Dela: to Fire , ns

Figure 3-56. FX-35 electronic-trigger performance.

Standard electricai noise measurements werv made by IPC using a terminated
line placed in the anode plant at both the center-line position and 40 cx off the
axis. They showed the Compton replacement I spike folinowved by RF nois.. These
measurements, although nct absolute, indicate that the FX-35 is ianherently quiet.
Moise levels are astociated with the x-ray and elec’ron beams th:wnislves. Under
these operating circumstances, & screen room is nit needed, but is availatle for
those experiments ' irticularly sensitive to noise interference. If desired, spe-
cific noise mear ments can be made concurrent with the experiment.

The monitoring of I and V pulses is the basic diagnostic technique used to
indicate machine performance.

Pilot B scintillation meacurements sre made for ever, x-ray pulse. The data

are used for pulse shape measurements only. TLD dosimetry techniques are used to
obtain atsolute dose data.
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3.4.3 Electron-Beam Mode Environment

Measurements of electron-beam fluence have been made at many pressures and
distances. As an example, results of calorimetry measurements of a 2.2-MeV elec-
tron beam in vacuum from the FX-35 are given in Figure 3-57. FX-35 V and I wave-
forms foir a single-point and a 20-point cathode are given in Figure 3-58. Perfor-
mance characteristics of the FX-35 in the electron-beam mode are listed in Table
3-5.

Electron-beam energy spectra have been measured using a 180-degree fixed-
field magnetic spectrometer. (The magnetic spectrometer is calibrated by an
internal conversicn electron source and is accurate to within *10%.) Represen-
tative data using this technique are shown in Figures 3-59 through 3-62 for the
FX-35. A time-resolved spectrum, as measured oa the FX-35, is given in Figure
3-63.

Time-dependent and integrated spectra for given experimental conditions can
be measured by IPC on a routine basis. Spectral measurement techniques are well
established.

A measured electror-beam energy deposition profile in Al for the FX-35 is
3given in Figure 3-64. The measurement was made using thermocouple junctions be-
tween Al laminates.

100 T T
sl | | i | | _
6 Onft chamter —
pressure of 10
a torr |

n
|
-

n o
!
1

o
1
i |

Electron- Beam Fluence , cal/cm?
o
T
]

‘ i -
1 | | 1 ] i |
O 10 20 30 40 5 60 70
Distance ,cm

Figure 3-57. FX-35 beam map.
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1.7 MV/division
20 ns/division
1/8-in. dia. hemi-
spherical cathode,
13 kA/division 2.7-cm gap
. 20 ns/division

1.7 MV/division
20 ns/division

20-point cathode,
2.0-cm gap

26 kA/division
20 ns/division

Figure 3-58. FX-35 V and I pulses.

Tatle 3-5. Performance characteristics of FX-35 in electron-beam mode.

Avera, e Total Peak Pulse Width (ns)
Electrcn-Beam Beam Energy
Energy Ener Fluencs Electron
(MeV) (cal (cal/cm¢) Beam X-ray
0.4 100 80 35 20
(Charging 1.3 240 80
Voltage 1.6 300 110
4 MV) 2.0 350 150
2.5 400 220
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Figure 3-59. FX-35 electron-beam
energy spectrum,

] I i | i i
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Energy, MeV

Figure 3-60. FX-35 electron-beam
energy spectrum,
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3.4.4 X-Ray Mode Environment

A 15-mil Ta bremsstrahlung target (electron range = 2 MeV) and a single-point
cathode are used in the x-ray mode. Figure 3-65 consists of smooth curves of TLD
capsule data measuremnents made for numerous x-ray pulses. The dose at a given ex-
perimental position is proportional to the fourth power of the charging V.

I ! | | 1

90— Charging voltage: 40 MV~

3

Axial Distance ,cm
3 w
o

W
o

0 0 20 30 40 50 60
Radial Distance ,cm

Figure 3-65. FX-35 exposure map.

X-ray spectral measurements have not been made, Calculations of thick-targst
bremgstrahlung spectra are ised as a guide. Figure 3-66 is a plot of such a cal-
culated spectrum.

3.4.5 Support Capabilities

Extensive electronic equipment is available for experimenter use. Included
are oscillosccpes, recorders, power supplies, electrometers, pulse generators,
oscillators, and various radiation-measuring and rnalyzing equipwent. An
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Figure 3-66. FX-35 bremsstrahlung spertrum.

extensivz calibration laboratory also may be used. Space f{or instrumentation
trailecs or specialized electronic components is available., A complete listing
of the test equipment at the IPC laboratory is available upon request. Standard
60-cycle, 100- to 400-V power outlets are located throughcut the laboratory. Var-
ious cables are availsble for experimenter use. A minimum distance of 20 ft is
required between experimental positions and shielded operating locations. Trig-
gering signals referenced to machine command signals and scintillstor sigrals
nmonitoring radiation output are available.

Dosimetry services, including interpretation of the dosimetry data, are

available. Calibrations are made <t the laboratory and are based on National Bu-’

reau of Standards (NBS) References. Complete CeF, TLD dosimetry systems, in-
cluding powder, microrods, and disks, can be used for x-ray dosimetry. A complete
electron-beam dosimetry capability is also availatle. Beam definition is accom-
plished by blue-cellophane optical density techniques. Absolute beam measurements
are made using thin foil or carbon total-stopping calorimeters. Complete analyses
of the calorimetry data are performed at the laboratory. It is estimated that do-
simetry techniques are accurate to $10Z%.
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To record the characteristics of shock waves developed in target materials
struck by an electron beam, IPC can provide the following diagnostic iustrumenta-
tion: X-cut quartz gages, 50-ohm mangarnin gages, 50-ohm carbon gages, and laser
interferometry. Background noise levels for measurements of the first 3 types
corresponc to ahout 0.25 kbar. The laser interferometer can be set up to operate
in any one of the following configurations, with setup time proportional to the
complexity of the arrangement:

1. Displacement mode only

2. Displacement mode plus reflectivity monitor
3. Displacement and velocity modes

4, Velocity mode plus reflectivity moniter

S. Velocitiy mode only.
The IPC laser interferometer is described in detail in the References.

AVCO Corporation IBM 360, a time-sharing terminal to a GE 430, or a CDC 6600
computer may be used. The following computer programs in FORTRAN are available
for experimenter use:

1. ELTRAN-FElectron energy deposition

2. ELTRAP-Electron transport in dielectrics
3. PUFF, GENRAT-X-ray deposition

4. PUFF 66

S. One-dimensional elastic stress codes.

The staff of the Analytical Section of the IPC Radiation Effects Division is
available, by arrangement, for consultation on snalytical problems.

The laboretory has complete machine shop facilities capable of counstructing
experimental appavatus. Ia addition, the IPC Model Shop may be used by arrange-
ment. Experiment setup and preparation laboratories are on the premises. Isolated
and controlled access laboratories suitable for conducting classified experiments
are also available. Office space and conference room facilities are readily
available for experimenter use. Polaroid cameras, film, and associated photo-
graphic equipmert, including various industrial cameras and & Kerr cell framing
camera, are available,

The standard electron-beam drift tube is 6-in. I.D. x 10 ft or less length.
No drift tube is used in the x-ray mode of operstion. In addition, there is an Al
vacuun test chamber measuring 18.5 x 18.5 x 2§8.5 in.

3.4.6 Procedural Information

Technical and administrative inquiries should be made to:

lon Physics Corporation
P.0. Box 416
South Bedford Street
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Burlington, MA 01803

Attn: Mr. Robert D, Evans, Manager
Radiation Effects Section

Telephone: (617) 272-2800, Ext. 292

or, Dr. Helmut Milde, Vice President.

A minimum of 2 weeks between initial contact and initiation of the experimen-

tal program is normally required.

Charges and costs associated with the use of IPC faciiities are established

and published, and are available directly from IPC.

3.4.7 References

l'

2'

Evans, R.D., and Ottesen, J.A., Development of a Velocity Interfeorometer for
Stress Wave Recording in Electron Beams, IPC Report 7202-TR-410, February
1972.

Evans, R.D., Simultaneous S5Stress Time and Impulse Measurements Using a4 Laser
Velocity Interferometer and Ballistic Pendulum, IPC Report 7204-TR-418,
April 1972,
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3.5 BOEING FX-75 ELECTRON-BEAM GENERATOR

The Boeing FX-75 is an IPC FX-75 high-energy electron-beam generator which
has a maximum charging V of 7 MV. It produces a maximum electron-beam energy of
5.2 MeV. Figure 3-67 iy a diagram of the facility layout.

In the direct electron-beam mode, the I accelerated from the cathode emitting
surface passes through a thin-foil anode window into a low-pressure experimental
chamber. The pressure of the residual gas in the drift chamber affects the charge
balance in the region of the driftinz electrcn beam and offers a means of con-
trolling the competing forces (electrostatic repulsion and magnetic compression)
that determine the beam size and energy density. Particular care must be taken in
an electron-beam experiment to arrange experimental apparatus and test samples in
a way that they will not interfere with the beam transport. The Boeing Radiation
Effects Laboratory (BREL) has two available multipurpose drift chambers; a spe-
cial chamber may be designed for a particular vest series.,

In the x-ray mode, the I accelerated from the cathode-emitting surface is di-
rected onto a Ta target to nroduce an intense burst of high-energy bremsstrah-
lung.

3.5.1 Test Parameters

Nperating zharacteristics of the Boeing FX-75 are as follows:

1. Charging V 4 to T MV
2. Terminal impedance 32 Q
3. Field emission tube impedance 90 Q
4. Peak electron-beam energy 5.2 MeV at 7-MV charging V
5. Pulse width (FWHM) 29 ns
6. Cuarging system capacitance 680 pF
7. Stored energy (at 680 p<, 7 MV) 16 kJ
8. Total electron-l:eam energy
per pulse v9 kJ at 7-MV charging ¥
9. Electron-beam I 60,000 A (peak)
10. Peak 1 deusity 3,000 Afcaz

These data are not definitive and are meant to be used only as a guide,

At 5-MV charging V, the toctal beam energy is 4.4 kJ. At 6.5 MV, the total
beam energy is 7.5 kJ. Total beam energy varies as the square of both the elec-
tron-beam V and the charging V.

The energy density delivered to a test sample may be varied by adjusting the

chamber pressure and the anode-sample distance. Typical fluence distribution
curves for a 3.5-MeV beam and 2 900-KeV beam are given in Figure 3-68. Energy
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fluences from less than 0.1 cal/cm? to greater than 400 cal/cm? have been
measured. The total electron-beam energy may be varied from abcut 500 cal to
about 2,000 cal. Electron-beam dosimetry is normally done with thir-foil calorim-
eters in line over a test sample. The lab is equipped to read -sut 12 channels of
calorimeter data, and a range of calorimeter types and arrays are available.

Maximum repetition rate is 1 pulse/2 min. Sample charging ard chamber pres-
sure stabilization time usually limits electron-beam testing to 20 shots/day.
Normal operating delays limit 5-MV x-ray operation to 120 shots/day. Increased
target maintenznce limits 6.5-MV x-ray operation to 40 shots/day.

The energy-flux distribution of repetitive electron-beam mode pulses, with
the same vacuum test chamber pressure and charging V, is reproducible to *10%.
Reproducibility of x-ray peak rate is :10%; total dose is £5X%. Pulse predic-
tability is within a factor of 2 for these values. Figure 3-69 shows scope traces
of the bremsstrah!/ung pulse from 10 consecutive FX-75 pulses. These traces show
the reproducibility of the pulse.

Puise delay is 600 ns. This delay is defined as the time interval between the
command pulse to the spark-gep triggering light source and discharge of V at the
anode, A Gaussian distributiun of jitter is associated with the delay. The 3-¢0
spread in the jitter is %50 ns.

3.5.1.1 Electrical Noise

Serious operating difficulties are encountered with both electric and mag-
netic probes inside the electron-beam test chamber. Quantitative data are avail-
able upon request.

Two RF-sghielded test and instrumentation rooms are provided. The noise envi-
ronmeat has not been mapped within these enclosures. BREL reports thar the con-
ducted noise from power lines is less than 1 V peak-to-peak, and cable responses
(terminated and open} are approximately 20 mV peak-to-peak (for cables in the

test area and out of the hcam).

Extensive electric- and magnetic-noise measurements were made external to the
shielded enclosures. Conducted noise on power lines was measured st 50 V peak-to-
peak. Response on terminated RG-9 cable out of the beam was 70 mV peak-to-peak.
Noise spectrum is peaked at approximately 30 MHz. Figures 3-70 and 3-7]1 summarize
the noise-mzasurement data.

3.5.1.2 Diagnostic Techniques

Diagnostic techniques for the el :ctrcn-beam and x-ray modes are zs follows:
1. Electron-besm mode:
a. Two view cameras for test chamber stereophotography

b. Metal foil and grapnite total-stopping calorimeters
for beam mapping and sample irradiation dosimetry
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Notes: 10 coasecutive shots at G.0-MV charc> voltage.
Exposure at 1.0 m, 70 R.
Time base, 20 ns/cm.
Integrated areas were within 37.

Figure 3-69. Oscilloscope traces of 10 consecutive
bremsstrahlung output pulses.
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¢. Fas> Faraday cup fo. time-resolved I measurements
d. Deposition profiles--stacked metal foil calorimeters
e. A time-resolved magnetic spectrometer.

2. X-ray mode:

a~ Waveform and peak rate determined from calibrated
scintillator/photodiode measurements

b. Dose maps and routine Josimetry measured with LiF TLDs
(TLDs are Co-60 calibrated and accurate to *15%)

c¢. Energy deposition measurements made with TLD-loaded
depth-dose arrays

d. Target beam spot observed with a polyvinyl! chloride
(PVC) intensifying screen and standard open-shutter
photographic techniques.

Electron-Beam #ode Environment. Quantitative data of beam energy density
versus position are available upon request.,

The electron-beam flux delivered to an experimental sample in the vacuum test
chamber can be smoothly varied from 1 to 200 cal/cm?, The spatial distribution
of the flux is roughly Gaussian about the beam center line with the geometric
shape dependent upon chamber pressure. For very hign dose deposition studies,
cars should be taken to design axial symmetry into the test sample holders.

Figure 3-72 is oscilloscope traces of the electron-beam V and 1 outputs.

A 10-chanael, time-resolved magnetic spectrograph with resolution of 0.25 M
has been used to generatec electron-beam spectra for several cathode configura-
tions. The spectra are sensitive to the cathode emission surface and anode-cath-
ode gap. There is also spatial dependence on the ancde plane. Center-line spectra
for 2 tvpical operating configurations are shown in Figure 3-73. Information on
the time history of the spectrum, as well as the dependence of cathode geometry,
is available upon request. Energy deposition data are given in Figure 3-74.

X-Ray Mode Environment. Pigures 3-75 through 3-82 are x-ray exposure and ex-
posure-rate maps for various charging V. Thcse data are the result of LiP TLD
measurements. They are meant to be used only as a guide.

Figure 3-83 is a scope trace of a bremsstrahlung pulse output as measured
with a liquid scintillator/photodiode system. Peak height vuries as the fourth
power of the charging V.

X-ray spectra fur 5-MV and 6-4V charge V are shown in Pigure 3-84. Pigure
3-85 depicts x-ray depositinn profiles in Al, Cu, and Pb.
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Electron-Beam Current

Notes: Fast, low impedance vacuum
shunt outside L.eam window.
10 ns/cm.
Peak current range, 25,300
to 50,000 A for 4-7 MV
charge.

tlectron-Beam Voltage

Notes: Capacitive divider voltage
monitored inside electron gun.
10 ns/cm.
Peak voltage, approximately
0.7 charging voltage.

U P (Redrawn from scope pictures)

Figure 3-72. Oscilloscope traces of electron-beam V and I.
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Single point cathode. /4" collimatar an anode
center line 10-channel magnetic spectrometer
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Figure 3-73. Electron-beam spectra for 2 typical
operating configurations.
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Figure 3-74. Energy deposition profiles for FX-75 electron beam. ;'
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Figure 3-81. X-ray faceplate field map.
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Figure 3-82.
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X-ray dose versus distance from tube
face for the P™FL FX-75.

3-76

.




INTENSITY (Mev'1)

Notes: (1) Liquid scintillator and planar
ITT FW 114 photodiode

(2) 20 ns/cm.

Figure 3-83. O0Oscilloscope traces of bremsstrahlung
pulse output.
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Figure 3-84.

Bremsstrahlung pulse output.
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3.5.2 Support Capabilities

Electronic equipment for experimental use includes:
1. Instrumentation:
a. Three Tektronix 519 oscilloscopes
b. Four Tektronix 7844 oscilloscopes
c. One Tektronix 7904 oscilloscope
d. 10-channel HP7100 strip charts
e. Recorders for calorimetry

f. Additional equipment including cscilloscopes, power
supplies, pulsers, etc. uay be obtained from the Boe-
ing test equipment stores.

Z. Power:

a. 120-vac, 3-¢, 60-cycle, 50-kVa in each shielded en-
closure

b. 28-Vdc, 1 kVA.
3. Cables:

a. Signal and power cables (minimum cable length between
test and oscilloscope is 60 ft; special cable bundles
are easilwv accommodated in the 3-ft-dia. cable duct
or bulkhead connected to the instrumentation shield
room) .

Triggering signals responding to mrchine command signals sre reidily avail-
able. An arrangement of fixed delays makes postible a wide range ol trigger tim-
ing signals.

Two RF-shielded enclosures are provided: a 10- x 10-ft radiation test room,
and a 12- x l4-ft instrumentation room. The enclosures are integraily connected
by a 3-ft-dia. wrought-iron data-link tunnel (cuble duct) “hrough *'ne radiation
shielding wall. The rooms have a specified attenuation of 120 db for both elec-
tric and magnetic fields in the frequency range 10 kHz to 1 GHz. Filtered power
of 50 kVA i¢ available in each snclosure. A shielded optical link is provided for
lagser prcbing apparatus.

X-ray dosimetry techuniques include a LiF TLD and calibrated scintillator/pho-
todiode systems. Electron-beam dosimetry is pertormed by mezns of traasmission
foil and .otal absorbing calorimeters. Instrumentation includes 12 resiscance
bridges, 12 dc differential amplifiers, and 12 oscillograph channels.

There is a complete dosimetry ladberatory for specialized problems. Arrange-
ments can be made for use of the Boeing computer center. Complete machine shop

facilities capable of constructing experimental apparatus are readily available
at the laboratory.
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A 20- x 30-ft bay adjoining the FXR instrumentation room may be used by the
experimenter. Office and conference ruom facilities are limited.

BREL maintains a complete photographic laboratory and dark =-oom with a full
complement of equipment. Oscilioscope cameras, two 4 x 5 view cameras, and 2
high-speed image converter cameras with complete accessories are readily avail-
able.

Electron~beam experiments are usually carried out within a 3- x 3- x 4-ft
electron-beam test chamber or a drift tube 25 in. long with an 1.D, of 13.75 in.

Both the test chamber and drift tube are partially evacuated.

3.5.3 Procedural Information

Technical inquiries should be directed to:

The Boeing Aerospace Company

Mail Stop 2R-0G

P.0. Box 3999

Seattle, WA 98124

Attn: E.M. Costello, Boeing Radiation Effects Laboratory
Telephone: (206) 655-2954

Administrative inquiries should be directed to:

The Boeing Aerospace Company
Research and Engineering Division, Contracts Dept.
P.0. Box 3999
Seattle, WA 98124
Attn: H.M. Kilborm, M/S 8C-26
Organization 21143
Telephone: (206) 773-3449

Scheduling is am:zunged on sa individual basis through the BREL technical con-
tact, It is expected rhat only nominal lead times are required. Costs and charges
may be obtained directly frm the BREL administrative contact. The shipping ad-
dress is:

Boeing Radiation Effects Laboratory
1420 South Trenton Street

Building 15-10

Scattle, WA 98108




3.6 HARRY DIAMOND LABCRATORIES (HDL) FX-45
ELCCTRON-BEAM GENERATOR

The HDL FX-45 is an IPC FX-45 high-energy electron-beam generator (HIFX)
(Reference 1). It has a maxim'm charging V of 5.0 MV, which produces an electron
beam whose mean energy is 3.0 MeV. Figure 3-85 is a diagram of the facility and
Figure 3-87 is a detailed diagram of the expusure zrea, shielded instrument room,
and control room,

3.6.1 Test Parameters

The operating characteristics of the HDL FX-45 are as follows:

1. Maximum charging V 5.0 MV
2. Mean electron kinetic energy (4.1-MV charge):
¢. High-impedance mode 2.4 MeVv
b. lLow-impedance mode 2.3 to 1.1 MeV (depending on
gap size)
3. Pulse width (FWHM) 25 ns
4. Stored energy (5.0-MV charge) 2.5 kJ
5. Peak electron-beam I (4.1-MV charge):
a. High~-impedauce mode 23 kA
b. Low-impedance mode 30 to 45 kA (depending on
gap size)

Maximum repetition rate is 1 pvlse/7 min in the x~ray mcde and as required by
the experimenter in the electron mode.

Measurements made on 25 pulses indicate the standard deviation in on-axis ex-
posure at 12 in. from the target is approximately 4X. Pulse delay (or advance)
jitters within 50 rns can be achieved. The jitter using the mechanical trigger is
about 40 ms. The typical RF EMP is a damped oscillation at 30 MHz, lasting 0.5
Us with an amplitude (12-ft dipole 50 ft away) of a few hund:ed mV, This noise
signal amplitude is a linear function of machine charging V and is inversely pro-
portional to distance from the machine.

Experimenters will not normally experience any noise problems when taeir sig-
nals are detected with instruments located in the RF-shielded instrument room.

Scintillator-photodinde, V-monitor, and I-monitor prcfiles can be supplied
with any given shot, although these measurements are not made routinely.

Energy stored with the system is proportional to the square nf the charging ¥
and is delivered to the electron beam with an efficiency of +70%. Calculated
valucs of the beam energy in the high-impedance mode as a function of charging V
are given in Table 3-6.
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Table 3-6. Calculated values of the beam energy as a function
of charging V for HDL FX-45.

Total Total Beam |

Charging Energy Energy
vV (MV) (kJ‘)J (kJ?

3 0.9 0.6

4 1.6 1.1

5 2.5 1.3

6 3.6 2.5
Nota:
Values are basec on a machine capaci-
tance of 198 pF and idealized operation

L conditions.

The burn pattern of the beam on a bremsstrahlung target is a eolid circle
about 1.5 in. in dia. In the elec’.ron mode, as the beam propagates away from the
anode it pinches onto the geometric axis at 1 or more locatious which depend on
the beam energy and the ambient pressure. After the last pinch the beam diverges.
Characteristic data for the high-impedance mode are p:esented in Table 3-7.

Table ?-7. Beam ceometry for HDL FX-45.

Charging Ambient Pinch Location
vV (MV) Pressure (distance from anode)
4.6 1 atm v5 cm and 10 cm (2 pinches)
5.0 1 atm v5 cm and 13 cm (2 pinches)
5.7 190 um Hg w3 cm, 9 cm, and 20 cm (3 pinches)

The flux level is determined by the initial pinch position and adjustments
are made by adjusting the drift-tube prersure. Standard operating modes are uti-
lized for which beam predictability and reproducibility are good. The beam is
moni tored for each pulse to datermine the energy delivered to “he test sample.

3.6.1.1 Electron-Beam Environment (High- Impedance Mode)
Measurements to determine beam energy cansity versus position, utilizing a
total absorption Cu calorimeter, have been made. Results are given in Figure

3-88.

Figure 3-89 shows oscilloscope traces of beam V and I and y-ray intensity.
The V and 1 traces were made with a calibrated capacitor divider V monitor and
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a calibrated low-impedance shunt I monitor (References 2 and 3). The y-ray
traces were made with a scintillator-photodiode combination. The latter is uncal-
ibrated, but its response is linear in y-ray intensity. The time scales of each
of the 3 traces for each charge V (V.) have been synchrenized to an accuracy of
about 2 ns.
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Figure 3-83. Electron-beam energy density versus position
(total absorbing Cu calorimeter).




3.0 MV

1764 kV/div 14.2 kA/div ARBITRARY

4.0 MV

5.0 MV

1764 kV/div 28.3 kA/div ARBITRARY

Figure 3-89. V, I, and R traces for high-impedance electron
mode (Y scale as labelied; X scale: 20 ns/div).

Electron-beam energy spectra obtained with a magnetic spectrometer are shown
in Figure 3-90. In addition, electron-beam energy spectra based on V and T moni-
tor profiles, such as thcse in Figure 3-89, are shown in Figure 3-91,

Extensive deposition measurements have been made at HDL. Typical depth-dose
profiles are shown in Figure 3-92.

3.6.1.2 Eiectron-Beam Envirc.ment (Low-Impedance Mode)

Fluence measurements of the low-impedance mode electron beams have been made
utilizing total absorption graphite calorimeters. Average fluence as a function
of axial position in the drift chamber for 1 of these beams at 250-um Hg and
1,000-ym Hg ambient pressure (air) is shlown in Figure 3-93. High-resolution
fluence distribution maps for this beam at the same ambient pressures 4 cm and 10
cm from the anode are shown in Figure 3-94,

Figures 3-95 and 3-96 show common-axis plots of V and I pulses using the same
type of monitors as for the high-impedance mode (Figure 3-89). The lower trace in
Figure 3-95 shows a check of the time axis synchronization in which the I monitor
pulse was iaput to both scopes.

Electron-beam energy spectra based on V and I wonitnr traces like those of
Figure 3-9]1 are shown in Figure 3-97.
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HIGH RESOLUTION FLUENCE CALORIMETER
CALORIES PER SQ CM
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Figure 3-94. High-resolution fluence distribution maps for
low- impedance mode electron beams.
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3.6.1.3 X-Ray Mode Environment

Data as obtained are shown in Figure 3-98. The values of x-ray exposure obey
the inverse sguare law for distances greater than 6 in. from the target.

NDecilloscope traces for charging V of 4.1, 5.0, and 5.6 MV are shown in Fig-
ure 3-99. 7he pulse length is adjustable by electrically truncating the discharge
to clip tre trailing edge. A truncated pulse is also shown in Figure 3-99. The
traces are scintillator/photodiode responses to the bremsstrahlung radiation. The
measurements were made only to monitor the pulse shape; time scale is 10 ns/cm. A
blowup of an oscilloscope trace of the x-ray pulse measured with a Compton diode
is shown in Figare 3-100.

Quantitative x-ray epectrum measurements have not been made. Calcuv:ations of
thick-target bremsstrahlung spectra are used as a guidi. Figure 3-101 depicis
such a calculated spectrum.

It is reported that by exercising care to select and calibrate the x-ray do-
simeter-reader system, the 3-0 standard deviation in absclutc accuracy can be
reduced to 15%. Reproducibility of the dosimeter-reader system to identical expo-
sures of Co-60 radiation is reported to be £2%.

3.6.2 Support Capabilities

Three Tektronix 78344, 6 Tektronix 519, 6 Tektronix 551, and 2 Tektronix 555
oscillosco,es and oscilloscope cameras are available for experimenter use. A ma-
chine firing sequence is routinely available to actuate cameras and oscilloscopes
and to trigger the system.

HDL provides dosimetry services. CaFy TLD dosimeters and readers are avail-
able for Y dosimecry, as well &= Cu and graphite calorimeters for electron do-
simetry. Other calcrimeter materials and depth-cose calorimetry as well as more
elaborate dosimetry, such as ballistic pendulum and laser interferomatry, could
be made available by arrangement.

The HDL IBM-370 computer may be used by arrangement.

The HIFX facility has on experiment setup and preparation labnratory and a
conference room that can be used by experimenters. A drill press and hand tools
for small work are availsble. The HDL machine shop also is available by arrange-
ment. Cameras and film are provided for the cscilloscopes permanently located in
the instrument room. Other photographic equipment and materials might be avail-
able from the HDL photographic laboratory by arrangemenc.

Technical and administrative inquiries should be made tu:

Harry Disnond Laboratories

Branch 290

Adelphi, MD 20783

Attn: J.D. Silverstein, Flash X-ray Pacility
Telephone: (202) 394-2238
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Figure 3-101. Calculated bremsstrahlung spectrum.
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A minimum lead time of 3 to 6 months is normally required to schedule use of

the facility. An application must be filed by the experimenter in the form shown
by Figure 3-102.

Charges and costs associated with use of HDL facilities can be obtained di-
rectly from the laboratory. The shipping address is:

Harry Diamond Laboratories
Flash X-ray Facility

Bldg. 504

Adelphi, MD 20783

3.6.3 References

1. Super Flash X-Ray System--Final Report, report submitted to HDL by Ion
Physics Corporation.

2. Sazama, F.J. and A.G. Stewart, Design and Testing of a Current and Voltage
Monitor for HIFX, HDL-TR-1558, August 1971,

Silverstein, J.D., Voltage and Current Measurements in HIFX Diodes, HDL-TM-
77-6, August 1977.
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TO: Harry Diamond Laboratories, 2800 Powder Mill Road, Adelphi, MD 20783
ATTN: J.D. Silverstein, Br. 290, Bldg. 504 (submit two copies)

FROM:
(organization performing test)
ADDRESS:
REQUEST PREPARED BY PHONE
PERSON IN CHARGE OF MEASUREMENT PHONE
FUNDED BY ARMY NAVY AIR FORCE DASA OTHER

Contractors must submit authorization from funding agency. Funding agency must
forward MIP

DATE OF APPLICATION

1. Descriptive Title of Proposed Measurement:
Attach detailed--UNCLASSIFIED--description of proposed measurement. Include:

a. Purpose of test g. Special requirements, e.g., com-
b. System to which test is applicable pressed gases, vacuum, triggering,
C. Security requirements etc.
d. Approach h. Any large apparatus you are bringing
e. Block diagram of cabling, etc. i. Explosives, noxious materials, etc.
f. Size and weight of package to be j. Probability of follow-on tests
exposed
k. Anyt'.ing else we should know that would help us assure the success of your
measurement or that would make our lives easier.
2. Recording channels required: Tektronix 551 7844
555 519

Number of oscillegraph channels

3. Type and number of cables required from exposure room RG214

to instrumentation room: 1/2" foam
Other
4. Length of time required to set up, prior to use of machine
5 Type of pulses: Gamma Electrons ___Low Impedance Mode
6. Charge voltage required: MV
7. Experiment cannot be performed without low jitter (550 ns) machine firing
feature of electronic trigger: VYES NO

8. Approximate number of gamma dosimeters required per pulse

9, Estimated number of days you will be at the HIFX Facility

(note that we require at least 7 minutes between gamma pulses)
10. Preferred starting date No. of peopie participating

Figure 3-102. Application for use of HOL-RIFX facility.
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3.7 PHYSICS INTERNATIONAL PULSERADS 225W,
738, 1150, OWL II, AND PITHON II

3.7.1 Characteristics

There are 5 pulsed electron-beam facilities at Physics International (PI),
with electron energies ranging from 100 keV to over 6 MeV. Three are owned by PI
and 2 are operated by PI for DNA (OWL II and PITHON II). Although the generators
differ in exact configuration, they all operate according to the same basic prin-
ciples, Energy is stored on a capacitor bank (the Marx generator) of each ma-
chine. On a signal, the Marx generator is "fired" (i.e., the capacitor stages,
initially connected in parallel, are switched to a series configuration) and a
high V is developed on the output end of the Marx generator. This output end is
connected directly to the high-V electrode of the pulse-forming line(s) and is
used to "pulse-charge" the line(s) in 1 to several us. The output pulse dura-
tion is approximately equal to twice the single transit time of the pulse-forming
line. The "generator type" data shown in Table 3-8 give the basic pulse-forming
line configuration for each facility and an indication of the type of output
switch,

It is useful to consider the general output characteristics of the generators
in both the FXR and electron-beam modes. The general shape of the time-integrated
electron-energy spectrum incident on the anode plane is given schematically in
Figure 3-103. The spectra are peaked at high energy and fall rapidly to zero at
cthe maximum electron V. Electron energy deposition versus depth profiles can be
approximated (for experiment planning purposes) by assuming monoenergetic elec-
trons at the mean energy. Figure 3-104 shows approximate deposition profile char-
acteristics over the V range covered by the PI accelerators. These parameters
vary somewhat, depending upon the target atomic number ard beam transverse en-
ergy. Specific deposition profiles can be found in later parts of this section.

For x-ray mode operation, an x-ray '"converter" is placed at the anode plane
of the diode. This converter can take many forms, the most common of which is a
high-Z foil, backed by a thick low-Z plate which stops all the remaining elec-
trons and contains any debris. This configuration, commonly known as a conven-
tional converter, optimizes x-ray output dose. Other converter configurations
could be procvided to minimize x-ray self-attenuation in the converter and, hence,
increase the gpectral intensity et low photon energzies. Characteristic x-ray
spectra are shown in Figure 3-105 for a conventional converter. Unlike the elec-
tron-energy spectra incident on the converter, the x-ray spectra are peaked at
low photor energies and fall slowly to zero at hv = peak incident electron en-
ergy. The sharp intensity falloff at low hv is due to self-absorption of x-rays
in the converter material. X-ray yield (defined as total energy in x-rey pulse/
total energy in the incident electron pulse) is strongly dependent on initial
electron energy. Approximate yields are given in Figure 3-106. The angular dis-
tribution and source ares must be taken into account to define the accessible
x-ray levels accurately.

For electron-beam mode operation, the electron-beam is injected through a
thin, low-Z anodc foil into a "drift" chamber, where it is directed to the
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hv = peak electron energy\
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Figure 3-105. Characteristic shape of flash-
bremsstrahlung spectra produced
by pulsed electron accelerators.
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target. In general, it is not possible to deliver 100% of the diode I to the tar-
get in a usable (e.g., uniform fluence) beam, although in some cases it is possi-
ble to uniformly irradiate targets at the anode. Two commonly used means of beam
transport and control at PI are the neutral gas focussing/metallic guide cone
technique, used Ifor lower I beams, and the externally applied magnetic (B,)
guide field technique, required at the higher I levels.

3.7.2 Generator Diagnostics

Each facility is equipped with V and I diagnostics, which are usei during ev-
ery pulse. Pulse charge V (the V on the pulse-forming line) is monitored with a
resistive divider. Tube V (across the tube insulator envelope) is monitored ei-
ther with a resistive divider (738, 1150, and 225W) or with a capacitive divider
(OWL II). The diode (accelerating) V can be obtained from the tube V wavefcrm by
subtraction of the induced V component, proportioaal to L(dI/dt) within *10X.
This is accomplished by use of a dI/dt monitor whose output is calibrated against
the tube V monitor during short-circuit pulses, where the electron accelerating
V = 0. Diode I is measured either by use of a By field probe near the diode
or by a self-integrating Rogowski coil encircling the beam. Many of these moni-
tors are described in References 1 through 4.

In addition to providing a complete record of generator performance during a
series of tests, the generator diagnostics (particularly the V and I waveforms)

are a useful complement to both the electron-beam and x-ray diagnostics.

3.7.3 Electron-Beam Diagnostice

Elestron-beam environments are characterized in terms of fluence (time-inte-
grated energy flux) and energy deposition versus depth profile. In many cases,
these data can be directly meszsured by calorimetric methods. Segmented graphite
fluence calorimetry is available in the following standard configurations (in
both 0.79-cm and 1.27-cm thicknesses):

1. 0.5- x 0.5-cm blocks I
2. 0.5 x 1.0-cm blocks

Square array of 25 blocks

3. 5.0~ x 5.0-cm blocks ‘
Special block configurations can be provided. Temperature rise in each block is
sensed by thermocouples and monitored on a Vidar Data Acquisition system at the
rate of 20 channels/s printed on papar tape, or fed directly into a Tektronix SPS
Model 62 computer. Calorimetry data, in the form of thermocouple V readings, is
promptly computer-analyzed to generate a fluence map. Depending on fluence lev—
els, the accuracy of fluence measurement is typically £10X.

Energy deposition versuc depth measurements are made by means of a stack of
thermally isolated foils, each monitored with a thermocouple. These data are also
recorded by the Vidar. Accuracy is $£10X. [:il stacks of various metals are
available in different thicknesses, the choic2 depending on the electron energy
and dose range of interest. Al foils are most commonly used; graphite foils have
been used at dose levels beyond the melting point of most wmetals. Calorimetry
provides the simplest and most direct characterization of electron-beam
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environments, but it becomes inadequate as dose levels approach the damage
threshold in graphite. In addition to the limitation imposed by graphite vapori-
zation, problems of radiative heat loss versus thermal equilibration times limit
present direct (calorimetric) fluence diagnostics to dose levels of 1,000 cal/g.
Mechanical problems in graphite depth dosimeters presently limit their applica-
tion to less than 500 cal/g.

Diagnosis at high-dose levels is accomplished by less direct means. In these
cases, the diagnostics are commonly the dicde V monitor and a high-I Faraday cup
(which measures the energetic electron-beam I at the target). Fluence is computed
as fev(t)J(t)dt, where J is the measured beam I density. This technique has
been cross-checked at low-dose levels by comparison with direct fluence calorime-
try.

Deposition versus depth profiles in the high-dose region are also obtained by
the Monte Carlo transport code. The electron spectrum (from measured V and I
waveforms) and angle of incidence at the sample location is the input data. Non-
normal electron incidence is due to electron scattering in the anode foil and to
the self-magnetic field of the beam in the diode (References 5 and 6), and is
measured by the filtered Faraday-cup technique. Experimental measurements of I
transmission versus target thickness have been used to check the deposition cal-
culations. Although other direct techniques for fluence and deposition profile
measurement at high-dose levels are under development, they are not presently
available.

3.7.4 X-Ray Diagnostics

In the pulsed x-ray environmeuts, use is made of photodiode response (which
permits time resolution of pulses and calculation of PWHM), and calorimetry and
TLD results. Calorimetor measurements are made with 3 specially designed instru-
ments: a portable calorimeter for measuring fluence and front surface dose simul-
taneously (Reference 7); a depth-dose calorimeter for high intensity, low-V
machines (Reference 8); and a: array of small combination calorimeters for mea-
suring areal distribution of fluence and front surface dose (Reference 9). The
resulting measurements have been in good agreement with other dosimeter measure-
ments. Also, calculated calorimeter response is verified by exposure to a 400-Ci
Cs-137 y-ray source. Comparison of the measurements of the x-rays from the
pulsed machines indicates that absolute values are accurate to within 5 to 10%.

The TLD most commonly used at Pl is powdered LiF. These TLDs are used for
making faceplate aaps and mapping exposure as a function of position. Dosimeter
precision is $3X. Comparison of measurements with thote made by commercial cus-
tomers of the Pulserad Facility agree within the experimental errors of the do-
simetry systems. PI maintains a complete TLD readout facility and can provide
TLDe in the form of polyethylene or Al jackets filled with LiF powder, or LiF-im-
pregnated teflon discs (£10X accuracy). TLD instrumentation is calibrated regu-
larly agaiust in-house radiation sources.
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3.7.5 Noise Levels

Shieided rooms are provided at each of the 5 facilities. Noise levels inside
vary somewhat, depending on the facility. Systems are available to reduce noise
levels to a few mV when required. These systems can be installed upon request,
The Pulsed Radiation Facilities Manager should be contacted at least 1 month in
advance of pulsing dates for this provisionm.

3.7.6 OWL II Data

The OWL generator was constructed in 1971 as a developmental coaxial water
line. In 1973, it was upgraded to higher total energy levels as part of a DNA-
funded program to develop high-energy electron beams. The machine has a 360-kJ
Marx generator which charges a 4-{) water-filled coaxial pulse-forming line. The
line is switched (by a triggered water switch) into a transformer section ito pro-
vide a 2- output impedance. At the present time (February 1979), the diode
insulator is being redesigned to improve reliability at peak V and to reduce I
risetime by reducing inductance. This modification is not expected to appreciably
alter the time-integratnd electron and x-ray environments, although reproducibil-
ity should be improved.

Total enetfy output in excess of 100 kJ (v25 kcal) is available with a di-
ode of 4C0 cm‘® area, as shown in Figure 3-107. This diode and its associated
hardware are referred to as the "large-area beam system." An 80-cm? diode also
has been developed for the '"small-area beam system,”" which has produced up to 75-
%J beams.

3.7.6.1 Electron-3eam Environments

Beam transport on OWL II is accomplished by using magnetic guide fields. Ta-
ble 3-9 indicates the wide range of electron environments attainable. The beem
chamber (from anode to target) is N-filled at l-torr pressure. Representative en-
ergy deposition profiles ia carbon are shown in Figure 3-108. Dose it carbon of
up to 3,000 cal/g is attainable with the small-area beam system. Figuire 3-109
shows the interrzlationship of dose, fluence, area, and target position in that
system, and Figure 3-11G documents the fluence uniformity statistics. The Gaus-
sian curve superimposed on the data in Figure 3-110 shows that the bulk of the
data has an rms distribution of adout 18X, although non-Gaussian low- amplitude
"wings" are in evidence. Correspording data on fluence uniformity in the large-
area beam system are given in Figure 3-111, which has a different format to show
the radial structure of beam fluence. The calorimete:- block readings are plotted
for 4 pulses as a function ol distance from the center cf the array. For the
higher fluence levels, some fall-off ie seen at the bema edge, which is due to
the fact that for these levels the outmost blocke were only partially illuminated
by the beam. (The 2 outermost sets of blocks extend to 5.4 in. and 5.6 in., re-
spectively, from the center of the array.)

In Figure 3-112, the average fluvence in the large-area beam system is shown
as a function of the cathode-to-target distance and normalized by the total beam
energy. Superimposed on the data points is a plot of the uaagnetic guide fi:ld
strength, in arbitrary units, versus cathode-to-tavget distance. The normalized
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Figure 3-107.

120

=]
o

I3
o

A.pproximate mean electron energy, MeV

24 08

1.2

| |
Range of beam
characterization
tests

Expected v?

dependence \»,
7
7

7

|

1.0
Tube voltage , MV

20

Total diode energy versus

tube V and mean electron

energy, OWL II.

Table 3-9. Typical electron beams, OWL II generator.
Mean
Electron Fluence (cal/cm?) Beam
Ener Areas Are Shown Transport
(MaV in Parentheses Mechanism
0.570 400 (15 cm?) Magnetic lens?
0.770 470 (15 cm?) Magnetic lens?
0.520 5 to 50 (150 cm?) Magnetic lensb
0.850 5 to 50 (150 cm?) Magnetic lensb
0.850 145 (55 cm?) Magnetic lensP
0.850 520 (20 cm?) Magretic lensb
0.950 10 to 50 (400 cm?) Magnetic lensP
Notes:

3Converging B, 4:1.
bConverging/diverging B,.
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fluence is seen to follow the field strength; in accordance wiih the simple model
of adiabatic single-electron motion in the guide field.

3.7.7 Model 1150 Pulserad Output Data

The 1150 Pulserad is a 35-§i oil-dielectric coaxial-Blumlein generator with
an output V range of 2 to 6 MV and 5 to 40 kJ (1,200 to 9,000 cal) total beam en-
ergy.

3.7.7.1 Electron-Beam Environments

Because the 1150 Pulserad is a high-V machine, the anode does not have to be
replaced after every pulse. This reduces the turnaround time and allows for a
higher pulse repetition rate. Table 3-10 lists typical electron beams from the
1150 Pulserad and Figure 3-113 shows fluence versus target position for the par-
ticular conditions indicated. Neutral gas transport in a large drift chamber (60-
cm dia. x 60-cm length) is used for beam control. Fluence levels c:n be varied by
choice of diode configuration and target distance from the anode. Additional data
are available for cther beam conditions,

Measured enevgy deposition profiles at mean .electron energies of approxi-
mately 2 and 4 MeV are given in Figure 3-114.

3.7.7.2 X-Ray Environments

The maximum pulse repetition rate is 1 every 3 min. Exposures available on
the Pulserad 1150 range from a few R at 3 m to <50,0"0 R at tke faceplate (Fig-
ure 3-115). The radiation pulse width is 60 ns at half maximum., The expcsure to
50,000 R, combined with the 60-ns pulse time, gives dose rates of approximately
1012 rad/s in Si absorbers. This high exposure rate is available only over a
few cm? at the faceplate (Figure 3-116). Figures 3-117 and 3-118 give curves of
the angular distribution of x-ray intensity at 0.5 m and a dose profile showing
lines of equal dose. Exposures of 1011 rad/s can be obtained over an area of
300 cm? (Figure 3-119).

The electron bremsstrahlung spectrum has been calculated with tae BSPEC code.
Figure 3-120 shows the calculated y-spectrum emerging from the converter (in-
cluding attenuation in the converter) for 5-MeV peak electron energy. Figure
3-121 shows this y-spectrum transmitted through the 0.5-in.-thick Al plate nor-
mally used between the converter and the irradiated targets. The mean photon en-
ergy is v1.05 MeV, with a peak intensity at 350 keV. Qualitative validation
of the spectrum shape has been indicated by experimental measurcment of energy
deposition in a 2-element Yy-calorimeter. The calcrimeter consists of a 0.3-mil
Ta foil backed by a ! rmthick block c¢f W. The two elemencs are thermally iso-
lated and temperature - .es are monitcred by =2 inermocouple (on the fcil) and a
thermistor (embedded iw the block). The y-spectrum in Figure 3-121 predicts a
ratio of

Absorbed dose in 0.3-mil Ta « 3,66 .
Absorbed dose in 1.0-cm W
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Table 3-10. Sample electron beams from the 1150 Pulserad.

Mean Beam Area
Electron for +10%
Energy Fiuence Uniformity
(MeV) (cal/cm?) (em2)
4.5 50 35
4.5 100 15
2.0 50 10
2.0 100 5
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Figure 3-113.

ANODE TG TARGET DISTANCE, cm

Fluence versus targe! position, 1150 Pulserad. (Peak
diode V, 5 MV; chamber pressure, 0.70 torr Na;
7.6-cm-dia. C cgthode. Each circle represents mean
fluence in 9-cm¢ area at beam center, an average

of nine 1-cm x 1-om calorimeter block readings.)
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Figure 3-117. Angular distribution of x-ray
intensity at 0.5 m, 1150 Pulserad.
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Figure 3-118. Dose profile showing lines of
equal dose, 1150 Pulserad.
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Figure 3-119. Faceplate dose contours for
torus cathode.
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Figure 3-121. y-spectrum of Figure 3-120
computationally transmitted
through 0.5-in. Al.

The measured value of 3.0 £ 0.2 is in reasonable agreement with the calcula-
tion.

3.7.7.3 Long-Pulse Environments

The Pulserad 1150 is converted to the long-pulse mode by removing the Blum-
lein and output switch and adding a peraliel L-C filter section, which, with the
Marx generator, makes a 2-stage, type A pulse-forming network. The Marx generator
consists of 50 0.5-uyF and 0.5-yH capacitors. The values of inductance and ca-
pacitance in the filter were chosen to give a pulse with FWHM of 1.7 us into a
constant resistive load. The filter is made of 15-nF, 50-kV tubular capacitors ip

a folded series-parallel configuration, arranged like spokes of a2 wheel extendin
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out to V grading rings. Many parallel capacitor strings allow easy trimming of
the wave shape to compensate for the decreasing impedance-time history of a real
diode. The inductance is provided by a coil wound on the axis. Typical diode
waveforms are shown in Figure 3-122. The maximum beam values obtained in the di-
ode tested were 2-MV peak tube V, 35-kA peak I, and 50-kJ beam energy. The 1150
long-pulse generator (LPG) has not been used yet to irradiate targets. Applica-
tions should be discussed with PI personnel.

f- Beam current

~\ /-— Tube voltage

500 nsec/div

Figure 3-122. Typical V and Faraday-cup waveforms
for a low-V shot, 1150/LPG Pulserad.

3.7.8 PITHON II Data

The PITHON II facility uses a 1| MJ Marx generator tc charge a 1.3-{] pulse-
forming line through an intermediate pulsed electrostatic store. At the present
time (February 1979), the PITHON 1 modifications which comprise PITHON II are
near completion. Electron beams have been generated in PITHON diodes under vari-
ous diode study programs, but extracted beams have not been developed and are not
presently under develcopment. Electron environments are therefore not yet avail-
able from this Zfacility.

3.7.8.1 X-Ray Environments

Intense x-ray pulses are available on PITHON II from both the standard elec-
tron-beam diode and from imploding plasma loads.

3.7.8.2 Imploding Plasma X-Ray Mode

Intense x-ray pulses in the 2- to 5-keV range are generated on PITHON II by
using a fine wire array or puffed gas jet as the machine load to produce an im-
ploding plasma x-ray source. It is expected that source intensities will be en-
hanced when PITHON II becomes fully operatioi:al in the near future,
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The x-ray environment has been characterized by a bent-crystal spectrograph,
x-ray diodes, and differentially filtered calorimeters and TLDs. A representative
spectrum is shown in Figure 3-123. Filters eliminate photons below 1 keV. The
line spectrum is hydrogen- and helium-like, with continuum radiation extending
upward in energy. The effective photon energy was determined by analyzing the
calorimeter and TLD data with the assumption of monoenergetic photons. The radia-
tion source is line-shaped (on-axis), 3 to 4 cm and less than 0.1 cm in dia.
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Figure 3-123. Typizal Al spectrum at 3.5 TW on PITHON.




3.7.9 Pulserad 2Z5W Output Data

The Pulserad 225W is a 5.25-{] water-dielectric coaxial-line pulser with 10
kJ available to a matched load in a 65-ns FWHM pulse.

3.7.9.1 Electron-Beam Environment

Representative I and V waveforms are shown in Figure 3-124., The available
range of mean electron energy and the corresponding total diode energy (assuming
matched load) are given in Table 3-11. The electron environments to date have
utilized magnetic guide fields for beam transport. Table 3-12 lists data for a
peak electron energy of 0.67 MeV. Ciher environments can be developed for spe-
cific applications.

Voltage, kV
|

400 —

V accelerating)
200

160 —

|2Dr

Current, kA

| I
0 20 4 60 8 100 120 140

Time, nsec

Figure 3-124. V and 1 traces, 225W Pulserad.
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Table 3-11. Pulserad 225W tctal diode energy versus mean
electron energy (assuming matched load).

Mean Electron Total Diowe
Energy (MeV) Energy (ki)
0.80 10
0.60 5.5
0.40 2.5
0.25 1.0

Table 3-12. Representative Pulserad 225W electron environment parameters.

Peak Peak
Electron| Diode Beam | Beam Peak
Energy | Current |Energy | nrea | Fluenced Dosed | Peak Dose/F]uenSeb
(MeV) (kA) (kd) | (ecm?) | (cal/em?) | (cal/g) (cal/zg)/(cal/cm¢)
0.67 130 5.9 5 250 187¢% 7.5
12 100 620 6.2
50 25 135 5.5
Notes:
8 Juence uniformity is nominally x10% MSD over the area indicated.
bIn carbon.

3.7.9.2 X-Ray Environment

X-rav environments generated using the standard x-ray mode are available on
the Pulserad 225W at intensities up to 30 kR. At that level, the envirunaent uni-
formity is nominally $25% over 12.5 cm2?, wean photon energy is approximately
330 keV, snd the dose-to-fluence ratio is approximately 2.1 (cal/g)/(cal/em?).
The dcse-area product is 375 kR * cm?,

3.7.10 Pulserad 738 Output Data

The Pulserad 733 is an 8-{i oil-dielectric coaxial-line pulser with up to 6
kJ available to a matched load. Overall performance for hoth electron and x-ray
eavironments 18 very similar to that of the Pulserad 225w except that at equal
peak electren energies, the Pulserad 738 produces 60 to 652 of the electron or
x-ray flux generated by the 225W. Use of the older 738 machine is on a time-and-
materials basis,

.~
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3.7.11 Available Support Services

The Pulservice Center is primarily a simulation facility. Both professional
and non-professional technical support staff are available to assist in exposures
and anal:ses. The professional staff includes scientists experienced in the field
of simulation exposures and pulsed radiation. The non-professional staff includes
trained technicians with experience covering a complete range of support activi-
ties. Support level can vary from customer liaison and coordination to complete
performance and reporting of the experimental tests, depending on the customer's
desires.

Screen rooms for the diagnostic electronics are a permanent part of the set-
uvp. Electronic equipment is available for diagnostic and test measurements. Cam-
era-equipped oscilloscope: are provided as part of the experimental program. Fast
oscillosccpe traces of radiation pulse shape are availatle if regquested. Other
special test equipment is also available and arrangements can be made tor its
use. Power is available from 120-V and 108-V single~¢ and 440-V 3-¢ outlets.
Diagnosiic signal cables are provided in lengths that reach from the target room
to the diagnostic room (40 ft). Triggering signals responding to machine com-
mand signals are readily available. The experimenter has the option of command-
firing the machine by providing a trigger pulse or a contact closure. The command
signal may be positive or negative with an amplitude of 0.5 to 50 V.

X-ray exposures are monitored using passive TLDs. Dosimeters are read out and
readings are available immediately after thte exposure so that results can be
evaluated before the succeeding shot. Various types of calorimeters are also
available for measuring absorbed dose in specific materials.

Calorimetric and Faraday-cup technigues are used to measure the electron
becam. For doses below 1,003 cali/g in carbon, multiple small graphite absorbers
determine the spatial distribution of electron energy. Data are recorded in dig-
ital form on a 100-chaonnel Vidar uunit. At higher doses, the multiiayered (or fil-
tered) Faraday-cup technique is uscd to simultaneously measure incidert electron
I and angle(s), and dose is computed from these data plus the diode V wmeasurement
(References 10 and 11).

Up to 15 channels of oscilloscope data can be stcred on Tektronix R7912 dig-
itizing oscilloscopes. The decta can be processed online using PI Data Acquisition
System (DAS) to obtain the time-dependence of the following parameters and other
relationships: mean V, power, energy, impedance, integral of trace, derivative of
trace, plot of one trace versus another, Child's Law I, parapotential 1, and
critiral I. A manual digitizing tablet can be used to access the DAS. Calorimeter
data can be fed directly into a Tektronix SPS Mod 52 to obtain fluence maps and
energy deposition profiles {including cooling curve analysis).

Computer facilities, including PI's library of Monte Carlo electron transport
and photen deposition codes, are accessible., Finite difference material response
codes are also available for calculation of stress-wave propagation and attenua-
tion. Machine shop, welding shop, vacuum laboratrry, and electronics shop area,
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and adegnuate experiment sec-up and preparation rooms, as well as op»n floor
space, can be provided. A conference room and limited office space aie also
nvailable, Polaroid cameras are provided with all oscilloscopes, and polaroid
fillm is stocked. Other photographic services, such as film processing, printing,
and photography of experimental sei-ups, are also available. A TKW image con-
verter camera can te provided (Government-furniched Equipment) for qualifying
prujects,

3.7.12 Procedural Informaticn

Administrative and technical inquiries should be directed to:

: Physics Interna*ional Company

¢ 270C Merced Street

5an Leandro, CA 94577

Attention: Facilities Manager
Telephone: (415) 357-4610, Ext. 572

For scheduling of machine time, a iead time of 2 months is preferred. A pur-
chase order should be sent at least 2 weeks prior to the start of irradiations to
confirm reserved dates. Earlier confirmation may be requested of a user with a
tentative reservation in case aaother request for the same date has been made.
Inquiries regarding scheduling details should be directed to the Pulsed Radiation
Facilities Manager. ,'s~-<l the DMA facilities shuuld be cleared through DNA,
RAEV, Washi=gcGii, D.C. with PI Contracts Depsrtmert assistauce.

v
g am sy e T

Detailed costs and charges associated with use of the Pl Pulserad facilities
are available and can be obtained from the rulsed Fad ation Facilities Manager
] and from PI's Contracts Department

The shipping address is:

Physics Internatiomsl Company
2700 Merced Strcet
1 San Leandro, CA 94577

All shipments of experimenter's eyuipment to and from PI must be arranged for
and prepaid by the uger.

The facilities are located in an industrial area of San Leandro, California.
The plant is readily accassible from the surrounding urban ares and within easy
commuting distance of the Oaklanl, San Francisco, and S&n Jose airports. (The
Oakland Airport is the nearest.) Overright accommodations with 10 min commuting
time are available in Oakland ard Sar Leandro.

3.7.13 References
1. Pelliven, D., Rev. Sci. Instr. 41, No. 9, 147, 1970,
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3.8 MAXWELL BLACKJACK 3 AND BLACKJACK 3 PRIME

BLACKJACK 3 and BLACKJACK 3 Prime are NNA-owned pulsed electron-beam acceler-
ators built and operated by Maxwell Laboratosries. Both machines are operated
from the same Marx generator. However, by switching between the BLACKJACK 2 or
BLACKJACK 3 Prime intermediate storage and pulse-forming lines, the x-ray pulse
width may be variea between 60 and 30 ns for the 2 machines, respectively. The
energy in the electron beam for either machine is 30 kJ. To maintain the same
electron-beam energy between _he 2 machines, the peak beam potential is 1.0 and
1.5 MeV for BLACKJACK 3 and 3 Prime, respectively. BLACKJACK 3 has been opera-
tional for several years and has undergone numercus upgrades to take advantage
of recent advances in pulsed-power technology. BLACKJACK 3 Prime was scheduled
to be fully operational in August 1978,

3.8.1 Test Parameters

The total beam energy of BLACKJACK 3 is typically 30 k., as measured from the
electron-beam potential and I. This technique has been confirmed over many shots
in which a graphite calorimeter was placed near a thin transmission anode. The
peak electron-beam potentials are 1.0 and 1.5 MV for BLACKJACK 3 and BLACKJACK 3
Prime, respectively. These values may be varied over a considerable range by
varying the Marx charge potential and the cathcde/anode spacing.

The turtnaround time for BLACKJACK 2 is about 45 min. This period of time is
required tce cieaa the debris from the diode diaphragm, re-oil *he diode interior
surfaces, replace the cathode, anode, and converter (if in the x-ray mode) and
pump the diode to a pressure of less than 6 ¥ 107% torr. On any given shot,
this time is usually extended because of the interaction with users and the setup
of the experimental hardware. For example, 30 machine firings were obtained dur-
ing a S-day period when operating BLACKJACK 3 for Northrop. The average turn-
around time for all 30 shots was 1.2 hr. In the same sequence of 30 shots, the
x-ray dose at 1.3 cm from the Ta converter was measured with a TLD array and the
results were given as equivalent doss in 0.02 g/cm? Ta. The peak dose at this
position was 3.6 * 0.6 cal/g Ta. The x-ray pulse width (FWHM) was 59 * 4 ns.

In anothe~ series of experiments in which the machine was operated in the
electron-beam mode for Effects Technology, Inc., the diode data were analyzed on
20 consecutive machine firings (Reference 1). The power FWHM was 58 * 6 ns,
diode beam energy was 32 * 4 kJ, and the mean and peak electron bheam potential
was 720 * 30 keV and 990 * 60 keV, respectively.

Timing signals may be taken from a variety of sources. For lowest jitter
applirations, the signal from a PIN or photodiode may be used as the scope trig-
ger with an appronriate delay in the signal from the experiment. More typically,
the trigger signal is obtained from the diode V monitor which occurs about 10 ns
ahead of the diode 1 or x-ray pulse. The jitter is about 1 ns in this case. The
oscilloscope trigger signal thus produced may be used to generate a fiducial
signal, which in twrn may be added tc each oscilloscope trace in the system for
accurate time correlations between signals.
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Electrical noise was measured on BLACKJACK 3 in conjunction with an x-ray
test series run for the General Electric Company (Reference 2). These measure-
ments were made in air and in vacuum with and without a Faraday cage. Alsc, x-ray
shields of varying thickncsses were placed in front of the probes. Outside the
Faraday cage in air, a 50-ohm terminated cable picked 'p a 40-V peak-to-peak sig-
nal of about a 30 Mcycle frequency which lasted fcr a time exceeding the l-ys
measurement period. This type of noise is generated from the discharge of elec-
trical energy through the BLACKJACK 3 system due to switching and higher mode
electrical oscillations. Inside the Faraday cage behind the x-ray shield within
a few cm of the diode, with or without the Faraday cage evacuated, the noise in
an open-circuited 50-ohm cabie is less than 20 mV peak to peak. Again, the noize
had a 30~Mcycle characteristic frequency which lasted for an extended period.
Without the x-ray shield, the unterminated cable picked up a 2-V signal in vacuum
which followed the x-ray signal. This 2-V signal was reduced to a 0.5-V signal
when the Faraday cage was operated at 1 atm air.

3.8.1.1 Diagnostic Techniques

The diode potential is monitored with an electron-field probe that produces
a signal proportional to E, which is passively integrated in the screen room to
obtain tne diode potential. The diode I is measured with en annular inductive
cavity which produces a signal proportional to I, integrated in the screen room
to obtain the electron-beam I. The electron~beam potential is obtained by assum-
‘ng that a simple inductive correction may be made to the diode potential, i.e.,

where Vg is the bLeam pnotential, Vp is the diode potential, Lp is the diode
inductance and ! i: the electron-beam 7. The beam potential is recorded directly
by subtracting from the diode potential tne dI/dt signal with the ccrrect time-
phasing snd amplitude attenuation of the dI/dt signal to acount for the diode
inductance. Both the signal time-phasing and the inductance weasurements are made
with a shorted diode.

The general policy for the operatior of BLACKJACK 3 is that the facility
offer the diode electrical measurements and an x-ray PIN diode measurement. Cther
diagnostics should be supplied by the user. This policy was made to kecp the
basic use cost of BL/CKJACK 3 low. However, Maxwell can furnish, and has fur-
nished, a variety of diagnostics to complemen> those usred by the experimenter at
an additional cost. Standard x-ray dose measurements are made with TLDs and Ta
foil calorimeters. Mawwell uses LiF-impregnated teflon disks made by Teledyne/
Isotopes, i.e., SD-LikF-7-0.4. These disks are 0,79 cm in dia. and 0.041l-cm thick,
with a density of 2.18 g/cm3. These TLDs are read on a Harshaw Model 200C
Reader. Other types of TLD materials may be used, if required. Maxwell Labora-
tories makes Ta-foil calorimeters 1or dose measurements. The standard ~onfigura~-
tion of this calorimeter is rugged and can tolerate a high shock environment
provided the Ta foil is nct physically touched by debris or other material. Ta
foils have been used ranging in thickness from 0.0084 to 1.7 g/cmz, althougn
the standard thickress for this work is 0.042 g/cmZ, Other calorimeters may be
used upon request.
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X-ray spectra measurements have been made such as those made for Northrop
(Reference 3) using a series of filters and TLD detectors. PIN diodes with
selected filters also may be used for these measurements. However, these measure-
ments lack spectral sensitivity above abtout 300 keV. Under the proper diode
operating conditions, the x-ray spectrum calculated from the electron-beam poten-
tial and I spectrum yields the same spectrum as measured with a filtered/PIN
spectrometer or other spectral measurement technique (Reference 3). Selected
machine waveforms can be digitized and used to generate the electron-beam spec-
trum and the x-ray spectrum at the request of the user. Electron-b2am measure-
ments can be made upon requsst using stacked C-foil calorimeters, total-beam,
C-block calorimeters, or segmented C-block calorimeters.

3.8.1.2 Electron-Beam Mode Environment

A schematic of the standard experimental configuration and magnetic field
profile for the electrou-beam mode is shown in Figure 3-125. To prevent pinching
in the electron beam, the diode is immersed in an applied axially directed magne-
tic field using solenoids. Cathodes ranging from 5 to 20 cm in dia. have be®n
used to produce beam fluences between 25 and 500 cal/cu? at the diode. Since
the diode is immersed in the fringe fields of the solenoid, magnetic compression
further iacreases the beam fluence. Atout 70%Z of the beam energy can be passed
through a 4:1 compression, so that fluences over 1,000 cal/em? are achievable.

A highly compressed electron beam typically contains all velocity angles
between 0 and 90 degrees so that it is not useful for materials testing when
clese computational comparisons are desired. To facilitate comparisons with
theory the beam is '"cooled" by passing it through a magnetic expansion region.
For example, a 2:]1 expansion tends to reduce the maximum velocity angle to 45
degrees. At this expansion ratio, measurements with a C-calorimeter foil depth-
dose stack have confirmed that the mean angle of incidence of the electrons lies

between 20 and 30 degrees (Reference 1).

A thin graphite cloth has been placed in the region of the peak magnetic
field to suppress hot spots in the electron beam via scattering and to minimize
the contamination of target materigl blowoff impulse measurements from anode
debris. Using this graphite cloth technique, measurements with &4 separate cal-
orimeters at 90-degree intervals at each of several radial locations have shown
cthat the beam uniformity is within $20% of each other for each radial location
(Reference 1).

Except for losses in the electron beam during the compression stage, the
electron energy fluence is proportional to the radial magnetic field shown in
Figure 3-125. Using a 10-cm dia. cathode, a 120-cal/cm? electron beam was
measured 70 em fron the anode on axis. The beam was slightly hollow in that 145
cal/cm? was measured at a radius of 1 cm. Electron beams of 110, 80, and 30
cal/cm? were measured at 2-, 3-, and 4-cm radii, respectively (Reference 1).

Figure 3-126 illustrates typical electron-beam potential and I waveforms
vhich were measured on shot 1632. The pea« beam potential was 904 MV and the peak
beam I was 580 kA, The diode energy was 34 kJ and the FWHM of the power waveform
was 53 ns.
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Figure 3-126. Electrsn beam potential and I waveforms for
shot 1632 (the inductive V drop has been
subtracted from the dicde envelope potential).

Figure 3-127 illustrates a typical energy spectrum for BLACKJACK 3 using
shot 1632. The spectrum was cilculated from the waveforms shown in Figure 3-126.
Figure 3-128 illustrates a measured energy deposition profile in C 70 cm from the
transmission anode for shot 1629 (Reference 1). Also shown on Figure 3-128 are
Monte Carlo electron deposition calculations run from the electron spectrum cal-
culated for this shot. The 3 curves represent electron incidence angles of 20,
30, and 40 degrees frcm the norma! to the C surface. The effective angle of inci-
derice is about 130 degrees.

3.8.1.3 Environment Measurement Errors

Measuremen: of the electrical waveforms are accurate to #5%. The I monitor
may be calibrated by physically measuring the dimensions of the cavity. The V
monitor must be calibrated by using a pulsed-charge technique. Oscilloscope
measurcments are only good to #3% of full scale, ut best.
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The electron-beam fluence and dose measurements were made with ATJ graphite,
for which the specific heat was calculated using the following relationship:

Cp = 0.150 + 7.82 x 1074T - 7.51 x 107712 + 2.78 x 101073

where C, is in calf/g/° and T is in °C. It is generally believed that this
relationship is valid within *10Z from room temperature to 1,006°C. The cool-
ing curve for each measurement was digitized and the resulting data were fitted
to an analytic form. The analytic curve was extrapolated to shot time to obtain
the temperature rise in the samples. The temperature rise obtained by this tech-
nique should be within #*5Z of <true value, using a calibration visicorder.
Hence, the dominating error is in the knowledge of the graphite specific heat.

3.8.1.4 X-Ray Mode Environment

Although BLACKJACK 3 may be operated in several modes, the pinched-beam mode
provides an FXR field without the use of an external magretic field. Since recent
users of BLACKJACK 3 have needed to operate without interferences from the exter-
nal B field, most of the beam characterization has been made in this mode. It
should be apparent that x-rays may be generated from the electron beam described
under the electron mode. Hence, the electron beam couid be transported into the
magnetic compression region and then into the expansion region. This would allow
one to calculate the bremsstrahlung spectrum more accurately since the effective
angle of incidence cf the electrons may be controlled.

An experimental Faraday cage is mechanically coupied tc the front of BLACK-
JACK 3 through a thick G-10 isolation plate. However, it is just as easy to posi
tion the experimental cage next to the machine without any physical cuntact and
avoid the mechanical shock which amounts to detrlections with an amplitude of 1
cm over several oscillation periods of 50 ms. The Faraday cage is an extension
of the screen room and the signal cables may be plasced inside the conduit between
the cage and the screen room so that the outer conductor of the cable does’ not
touch ground except at the oscilloscope. The Faraday cage can be evacuated inde-
pendently of the diode.

The radial variation of x-ray dosc has been measured over several experimentc
using a cathode of inner and outer radii of % and 10 ¢m, respectively, and a
3-degree taper. These data are summarized in Table 3-13. The radial vsariation of
dose follows a gaussian distribution at least down to a value about 25% of the
peak dose on axis. Hence, the radii at 50X dose are 2.4, 30, and 77 cm for axisl
distances of 1.3, 2, and 10 cm, respectively. The variation of axial dose is also
given in Table 3-13. Tue dose in 0.02 g/cm? Ta is 3.6, 2.2, and 0.17 cal/g for
axial positions of 1.3, 2.0, and 10 cm, respectively. For axial distances greater
than 10 cm, the dose decreases as I/Rh and the radial fallotf also may be esti-
mated from the 1/R2 relationship.

Figure 3-129 illustrates typical electron-beam potential and I waveforms
obtained in the pinched beam mode of operation using the cathode described in the
previous section. Figure 3-130 gives the {ime-integrated electron spectrum for
this same shot. Figure 3-131 illustrates a typical PIN diode waveform measured
for this shot. The x-ray pulse (FWHM) for thir shot was 58 ns.
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Table 3-13. Radial dose variation from BLACKJACK 3.

I axial Radius Area
Distance Gaussian at 50% of at 50% Dose
Converter Paramet~rd Peak Dose Do;s Area Product
(cm) (cm) (cm) (eme) 1 (cal/g)(cme)
1.3 0.352 2.36 17.6 67
2 0.279 3.0 28 61
10 0.108 7.7 186 32
Note:
AThe gaussianTparameter is defined as
In Dx
as= -——;—DK:I .
where D(x) is dose at the radial distance x.
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Comparison between the calculated
bremsstrahiung spectra for BLACKJACK 3
shots 1530, 1534, and 1543.

Detailed wecasurzments of the x-ray spectrum have been compared with the x-ray
spectrum calcuiated from the time-integrated electron spectrum. The results show
that the measurements are consistent with the calculatel spectrum within the
accuracy of the measurements {Reference 3). The calculated spectra for 3 typical
BLACKJACK 3 shots in the pinchud-beam mode are shown in Figure 3-132, About 62
of the fluerc: may be attributed to K fluorescence,




3.8.1.5 Environment Measurement Errors

The same comments on the machine electrical waveforms which were given in the
section on electron-beam mode are also applicable here. The measurement of dose
in Ta using a foil! c.lorimeter is dependent upon the knowledge of the specific
heat of Ta, the properties of the thermocouple, heat loss mechanisms, and the
accuracy of the recording technique. The valucs of the specific heat of Ta and
the thermocouples are well known and do not affect the accuracy of the measure-
ments. For calorimeters less than 0.04 g/cm? {0.0025 cm) thick, corrections
must be made for the heat loss down the thermocouple leads. The uncertainty in
this cocrection increases as the foil thickness decreases. The main uncertainty,
however, is most likely due to extrapolation of the recorded signal to shot time.
This :zan be made to an accuracy of about *7Z under ideal conditionms.

The TLD system (LiF-impregnated in teflon disks) has an inherent repeatab’l-
ity of *10%, i.e., identically exposed TLDs will have a %102 standard devia-
tion. The TLDs are calibrated with a Co-60 source versus an ionization chamber
which has an accuracy of #5% traceable to the National Bureau of Stardards
(NBS).

3.8.2 Support Capabilities

The stardard crew consists of two technicians capable of preparing tha diode,
setting up the screen room, and sperating the m:chine. A sa2nior staff engineer
is provided to ensure sverall machine performance., Additional machine shop, com-
ponent assembly, and computational support can be arranged for if necessary.

Up Lo 4 Tektronix 555 and 6 Tektronix 519 oscilloscopes are available. Any
number of trigger-generated fiducials (up to 300 V) can be provided. The fidu-
cials can be sent to the user scopes at any time reliative to the main pulse.

3ignal entrance to the screen room may be made by a variety of methods. A
large 4-in. dia. conduit acts as an extension of the screen room, and this con-
duit extends into the diode area of the block house. Cables also may be run to
the screen wall and coupled to the screen via feedthroughs. These include 19
RG214/0 and 18 50-ohm Foamflex (RG 331/U) cables. A long pipe extends throughk the
roof of the screen room for optical signals. The screen room has 100-V, r)-cps
power capabilities of 3 kVA available,

Unless specifically requested, dosimetry is the responsibility of the user.
However, upon request, TLD and foil-czlorimeter measurements of x-ray dose, dose-
depth measurements for X-spectrum, and C calorimeters for electron fluence aund
dose measurements can be provided.

A wide range of computational facilities are available upon request. A
Hewlett Packard 9820 desk-~top calculator is availabla at no cost on a r.ninter-
ference basis., This calculator ie complemented by peripherals such as a digiri-
zer, plotter, and magnetic tape cassette reader. This calculator may be used for
beam waveform analysis or extrapolation of calorimeter data to shot time. A Data
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General 230S Eclipse minicomputer with 64K word storage capability is also avail-
able. This minicomputer has several peripherals such as a Hamamatsu optical
scanner which may be used for rapid waveform digitization. A Joyce-Lebel Mark 3C
microdensitometer also may be used with the minicomputer. The minicomputer may
be used to communicate with outside larger commcrcial computers or the computer
complex at the Air Force Weapons Laboratories in Albuquerque, New Mexico. Conse-
quently, users may use the Maxwell computer facilities to reach a computer which
could have their own programs, or the user could request the staff at Mexwell
Laboratories to make analyses from cimple diode waveform analysis using in-house
codes or make more sophisticated calculations using SANDYL or other large codes.

Maxwell Labocatories has corplete machine shop capabilities, and can machire
components up to 6 ft in dia. An in-house welder and technicians experienced in
microfabriczation techniques are available. Sufficient laboratory benches and
desks are available in the main experimental building for users. A photographer
and related camera facilities are available to meet all user requirements from
vitness plate records to experimental hardware configuration documentation.

The BLACKJACK 2 diode is housed in on 8-ft high concrete blockhouse. The
width of the blockhouse is about 14 ft and the distance from the diode to the
back of the blockhouse is 18 ft. The diode center line is about 4 ft above the
concrete floor. The diffusion pump and other “iode support hardware is arranged
to minimize interference with user hardware. . ieir locations can be modified if
necessary. For information concerning use of the Maxwell facility contact:

Dr. Jctn E. Rauch

Mawell Laboratories, Inc.

9244 Balboa Avenue

San Diego, CA 92123

Telephone: (714) 279-5100, Ext. 199

Maxwell Laboratories offers the use of the BLACKJACK 3 gencrator for a S5-day,
40-hr week with a guaranteed 15 usable shot minimum at the 25-kJ level with mag-
netic beam extraction. This includes senior staff supervision »f the operation
of the facility and 2 full-time technicians. Maxwell Laboraturies will mske all
data available to users (vaveforms, calibration, etc.). No data analysis or final
report will be furnished under this task.

The fixed price rate schedule for use of the Maxwell facility is as follows:

1 Week (40 hours) Electron Beam Mode FXR
Basic Service $6,600 $7,200
Shot Surcharge $75/shot over 20 shots; $10J/shot over 20
$1,500 maxinum shots; $2,000
maxiaum
Rebate $440/shot for under 15 $480/shot for under
shots* 15 shots*
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2 Weeks (80 hours) Electron Beam Mode FXR

Basic Service $12,000 $13,200

Shot Surcharge $75/shot over 40 shkots; $100/shot over 40
$3,000 maximum shots; $4,000 maximum

Rebate $400/shot for under 30 $440/shot for under
shotsg* 30 shots*

Pulsing sessions of less than 1 week duration will be booked only under spe-
cial circumstances, at negotiated rate, with no guarantees provided as to a min-
imum number of shots.

Pulsing sessions of more than 1 week, but less than 2 weeks, will be prorated
at the weekly rate for the entire period, when available. Pulsing sessions of
more than 2 weeks duration will be booked at the prorated 2-week rate for the
entire period, when available.

Maxwell will endeavor to allow the user to set up experiments prior to the
pulsing period. When the facility must be provided on an exclusive basis for user
setup during a working week, a charge of $1,000/day (8 hrs) will be levied. This
will include the services of the 2 technician/operstional crew. If the facility
is utilized during the wcek prior to a customer's pulsing period and setup can
be accomplished on a noninterferunce basis, no charge will be levied. For exper-
iments requiring setup over a weekend, a fee of $500 per (8-hr day) Saturday or
$650 per Sunday or holiday (8-hr day) will be levied. This will include the ser-
vices of 1 technician,

3.8.2.1 Optional Time and Material (T&M) Support

Maxwell Laboratories, Inc. will provide optional T&X support on an as-
required basis. (Experience to date has shown extremely little actual effort is
necesary.) The T&M effort would be directed only by the user On-Site Manager to
the Maxwell BLACKJACK Program Manager.

Consultation services will be provided at the rates indicated below. Any
materials will be churged at cost slus 20X handling expease.
1. Senior Staff Engineer $60/hr
2. Machinist $30/hr
3. Senior Technician $29/hr.
Services provided on an overtime basis will be computed on a time-and-a-half or

double-time basis, as mcy be applicable.

The user must provide full workman's compensatior and employer's liability
insurance, as well as automobile and general liagbility insurance for his em-
ployees and represeatatives. The user also must provide the prime contract number

*Rebates apply to failure to perform bascd on Maxwell Laboratories delays.
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and agency, along with security clearances for all personnel who will wvisit
Maxwell's site. The shipping address is:

Maxwell Laboratories, Inc.
9110 Balboa Avenua

San Diego, CA 92123

Attn: John E. Rauch

The BLACKJACK 3 and BLACKJACK 3 Prime facili:y may be used for a wide variety
of experiments from materials response studies in the electron-beam mode to tran-
sient ionization and SGEMP studies in che x-ray mode. Dose-rate studies may be
made by switching between the nominal 60-ns BLACKJACK 3 to the 30-ns BLACKJACK 3
Prime machine.

Use of the BLACKJACK 3 is scheduled on a noninterferance basis with ongoing
DNA-sponsored experiments., Resolution of scheduling conflicts in the use of the
facility are made through DNA if the programs are both DNA sponsored. Normally,
a minimum of 60 days of advance notice is required for use of the machine with a
valid purchase order or contract received 30 days in advance of the scheduled
experiment,

3.8.3 References

1. Froula, N., Preliminary Characterization of the BLACKJACK III Pulse Electron
Beam for Material Response St:dies, CAP-TR-77-11, October 23, 1977, Corrales
Applied Physics Co., Corrales, New Mexico (draft report submitted to Effects
Technology, Inc., Saznta Barbara, California).

2. Phelps, D., and J. Rauch, General Blectric Tunnel Diode Amplifier X-Ray
Diode Tests Using BLACKJACK 3, Jaruary 9 through 24, 1978, MLR-716, Febru-
ary 24, 1978, Maxwell Laboratories, Inc., San Diego, California.

3. Phelps, D., 2né¢ J. Rauch, BLACKJACK 3 Plash X-Ray Measurements, April 29 -
May 6, 1977, MLF-666, May 27, 1977, Maxwell Laboratories, Inc., San Diego,
California.

4. BLACKJACK 3 PFlash X-Ray Pacility, Maxwell Laboratories, Inc., Engiaeering
Bulletin 1021, June 16, 1978.
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3.9 TRW VULCAN AND FEBETRON 705 X-RAY FACILITY

TRW Systems Group Vulnerability and Hardness Laboratory has a VULCAN FXR and
a Field Emission Model 705 FEBETRON; some of the characteristics of the Field
Emission Model 705 are described in Section 3.2.

3.9.1 FEBETRON 705

Because of its excellent reproducibility and high repetition rate, TRW's
FEBETRON 705 is used extensively for production latchup screening and for devel-
opment radiation testing of piece parts.

The FEBETRON facility has a 3-axis automatic-positioning cxposure table, a
rvemite TV-viewing system, a fully equipped shielded instrument room, and a
sophisticated fully automated electronics system for production '"go, no-go"
screening testing. With this facility, TRW has screened over 150,000 digital and
linexr integrated circuits (ICs) for radiation-induced latchup.

3.9.1.1 Machine Specifications

The FEBETRON 705 specifications are:

1. Gamma
a. Peak dose 7,000 rad(Si)
b. Pulse width 20 ns (FWHH)
¢. Maximum repetition rate 1 pulse/min

2. Electron

a. Average electron energy 2 MeV

b, Peak I 5,000 A

c. Pulse Width 25 ns (FWHM)
d. Maximum dose rate 101“ rad/s

e. Maximum fluence (w/ext. magnet) 140 cal/cm2

TRW has been performing latchup screening on production parts since 1969 and
has built up an inventory of load boards and t~st procedures for more than 100
different part types; thus, a significant screeniig cost reduction is realized
since the creation »f these items comprises much of the initial test cost.

Each IC is irdividually monitored vsing a diode radiation detector o demon-
strate that radiation dose is within the specified levels. These diodes are cal-
ibrated daily or before each new test setup against TLDs which are calibrated
against standard radioisotope sources. The calibration of these sources is trace-
able to NBS primary standards.
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3.9.2 VULCAN

The VULCAN facility, in operation in Building 84 of the TRW Systems Group,
Redondo Beach, California (Figure 3-133) since November 1973, is available for
part-time use by outside customers. VULCAN incorporates a PI 950 pulse-rad
machine of advanced design. It is 11 ft wide by 11 ft high at the energy storage
e~d, and 9 ft in dia. at the fast-energy storage end. The totzl system (50 ft
long), including vacuum dicde and target, is mounted on railroad tracks so that
it can be easily moved for maintenance or for incorporation of the electron-beam
drift chamber. The machine projzcts into a large 40- by 40-ft high ceiling vault
which has 18-ft high walls of concrete thick enough to reduce radiation levels
well below existing standards. A 10-ft high double-walled steel screen room,
certified to 100-db magnetic and electric field attenuation, is centered in front
of the target end of the machine. Clearance for lighting restricts the height of
test objects to 9 ft, 4 in. above the floor. This room 1is 28 ft long and 16 ft
wide. A 4-ft2, 0.25-in. thick Al plate, which is part of the rfi/emi screen
room closure, is positioned immediately in front of the target, and the machine
is butted against the plate, allowing test objects to be placed as close as 0.25
in. to the machine external target face.

The electron/x-ray beam axis is & ft from the flcor of the screen room. A
heavy wooden test table rolls on rails for 28 ft along the beam axis, from the
rear of the room to the Al faceplate. The table is supplied with several hori-
zoncal flat surfaces, or steps, 3 ft wide by 5 ft deep, for holding test objects
and lead shielding. The steps can be adjusted to heights of 4.2 in., 10.5 in.,
19.5 in., and 23.7 in. below the beam center line.

The exposure screen room can be entered either through a large 8- by 8-ft
double door, or thiough a conventional door 3.5 ft wide by 7 ft hig-. The double
door, used for large-system entry, is usually ke»s: closed. The smaller door is
interlocked with the console so that screen room integrity will be assured during
firing,

A second double-walled steel screen room, also certified to 100-db magnetic
and electric field attenuation, houses the instrumentation necessary f.o support
experiments. Located behind a 6-ft thic.h concrete shield forming the west side
of the vault, the room is 12 ft wide by 16 ft long by 8 ft high. Welded-steel
6-in. dia. conduits connect tie 2 screen rooms, the machine console, the machine,
and & parking area beyond the east wall of the building. Protection from
x-radiation is provided for the cabling by running the conduite underground.

The machine is made up of several functional subsystems. The basic machine
consists of a 50-stage hybrid Marx generator, followed by a folded, oil Blumlein
pulee-forming line which, in turn, is followed by a vacuum field-emission diode.
Por x-ray work, an internal Ta target/anode is used. For electron-beam work, a
transmission anode allows the beam prcduced in the vacuum diode to pass into a
vacuum chamber which has an adjustable pressure<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>